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ABSTRACT
Timing of cultural practices and income distribution throughout 
the year were considered to be the key factors in the success of rainfed 
farming. It was felt that new technologies for labour saving at peak 
periods and a crop that could be harvested during the off period are useful 
approaches to improving the production capacity of rainfed farms. This 
study aims to assess the economic benefits of new technologies (NTs) 
developed for rainfed farms in a range of practical farm situations. A 
case study approach was employed in exploring this situation. Two sample 
farmers were selected from a rainfed project conducted in the dry zone of 
Sri Lanka.
Whole farm planning based on Linear Programming (LP) was employed. 
Essentially, it looks at the farm-household as a whole entity with a common 
resource base, interrelated with the various activities of the farmer.
This was demonstrated using only the historical technologies. The optimal 
plan generated specified a combination of alternative enterprises subject 
to a restricted resource base.
The impact of introducing NTs was assessed by comparing the 
previous solution which employs only historical technologies with the new 
situation. That is, new technologies to be evaluated are included in the 
farmers' options along with the historical technologies. These new 
technologies include mechanical weeding, chemical weeding and a dwarf variety
of castor.
VThe results suggest that complementarities exist between different 
technologies. New technologies are specified for a larger acreage 
indicating the feasibility of the new technologies. However, the extent 
of the impact varied in the two types of farms. Furthermore, any 
technology involving a high cash input at the beginning of the crop year 
was indicated to be unfeasible.
The scarcity of resources as shown by the MVP indicated the 
differential effects of introducing NTs according to each farmer's resource 
endowments. In general the extent and intensity of adopting NTs were well 
denoted by the family labour endowment and the management levels of the 
farmers. The castor crop was shown to be optimum for the farms with low 
level of management as shown by the MOC.
The extension of the use of these farm models to the farming 
situations in the area were undertaken by parametric programming. Farm 
sizes below three acres were found to be unfeasible. Beyond this farm 
size, the impact of NTs was shown to vary in extent on the two farm types. 
Furthermore, the MVP of land and labour indicated that the scarcity of 
these resources are felt more by the richer farmer.
There was a definite correlation between the available labour and 
the size of the dairy enterprise. The MPV of labour, the amount of labour 
hired and the household cash surplus indicate the sufficiency of four labour 
units for a five acre farm.
The cultivation loan was observed to be adequate. Extending the 
repayment period generated a household cash surplus. Chemical weeding 
was shown to be unfeasible under peasant farming conditions.
Investigation of risk and uncertainty was undertaken by varying 
yield levels and planting dates parametrically. Variation in the yields 
of major crops was shown to affect the household cash surplus and the
vi
cropping program significantly. The changes in date of planting 
emphasizes the importance of timely cultivation under rainfed farming 
conditions.
Finally, this study provides insight into the typical farmers' 
attitude towards innovation and how choice of technology interacts with 
the resource base of the farmer. The modelling process can have an 
important application at field level. However, limitations associated 
with the technique should be taken into consideration. Furthermore, this 
study suggests that a successful planning program in the agricultural 
sector could start with the individual farm as the basic planning unit.
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CHAPTER 1
INTRODUCTION
1.1 Background Information and the Political Environment
In Sri Lanka pride of place in the economy of the island has been 
accorded through the centuries to agriculture, which still maintains its 
privileged position as the means of subsistence of the bulk of the popu­
lation. In 1977 nearly 52.5 (Central Bank of Ceylon 1977) per cent of 
the population was engaged in agricultural activities. Table 1.1 shows 
that 88 per cent and 77 per cent of the total value of exports in the 
years 1975 and 1977 respectively were attributed to agricultural products.
On the other hand, Table 1.2 indicates that between 1975 and 1977 expen­
diture on the sub-category of food and drinks was a major component of 
imports. This reflects the considerable dependence of the country on 
food imports. Rice, flour and drinks taken together have a share of 
39 per cent of the total imports on average over three years.
This situation is aggravated by the fact that Sri Lanka's terms 
of trade have continuously deteriorated since 1965 (Figure 1.1) with the 
exception of 1976 when it showed an improvement of 35 per cent. As the 
food import share in total imports is fairly high, increase in domestic 
food production was given top priority by the government to improve the 
present economic situation.
Furthermore, the bulk of the economic activity in the dry zone of 
Sri Lanka is centered around agriculture, though the plantation sector is 
given a conspicuous investment priority. Peasants were as a rule neglected
1
2TABLE 1.1
COMPOSITION OF EXPORTS, 1975-1977
Value in 
Rupees Million
Percentage of 
Total Exports
1975 1976 1977 1975 1976 1977
1. Tea 1932 2100 3503 49 44 53
2.Rubber 654 890 931 17 18 14
3.Coconut 397 382 335 10 8 5
4.Minor Agricultural 
Crops * 171 231 330 4 5 5
5.Gems 180 261 298 5 5 4
6.Industrial Exports 542 782 866 14 16 13
7.Other Exports 48 156 345 1 3 5
8.Total Domestic 
Exports t 3923 4801 6615 100 100 100
9.Re-exports 10 14 23 - - -
Total Exports 3933 4815 6638 100 100 100
Notes: * Selected items
t Adjusted data
Source: Customs Report, 1977.
and received no economic incentive from the government to improve their 
standard of living. To a large extent the meagre existence of the Sri 
Lankan peasants today is a consequence of the British rural policy of the 
19th century (Staffon Ohrling 1975). Rural development societies and 
village committees have been established recently, but generally speaking 
they lack financial means for any important and meaningful undertakings. 
Government policies, may it be under the British or indigenous authorities, 
have not paid any major attention to the traditional rural areas until the
3FIGURE 1.1
TERMS OF TRADE 1967=100
POINTS IN INDEX 
440 ---- ----
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--------- 440ANNUALLY
IMPORT PRICE INDEX
r EXPORT PRICE INDEX
TERMS OF TRADE
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•■Terms of T ra d .-  E x p o ^ r i c e l n d e x  x  |0 0 „ 
Im p o rt Price Index
1966 1957
Note: Indices from 1964 onwards are based on the experience of the three
years 1965-1967. Figures prior to 1964 which had been calculated 
on the experience of the five years 1954-58 (base year 1958) have 
been spliced to the new Index (base 1967=100).
Source: Central Bank of Ceylon.
4TABLE 1.2
EXPENDITURE ON IMPORTS, 1975-1977
Value in 
Rupees Million
Percentage of 
Total Imports
1975 1976 1977 1975 1976 1977
1.Consumer Goods 2651 1689 2534 51 36 42
1.1 Food and 
Drinks 2520 1491 2181 48 32 36
1.2 Textiles and 
Clothing 20 49 150 - 1 3
1.3 Others 111 149 203 2 3 3
2.Intermediate Goods 1888 2259 2648 36 49 44
3.Investment Goods 653 641 746 12 14 12
4.Unclassified 59 54 79 1 1 1
Total 5251 4645 6007 100 100 100
Sources: (1) Customs Office, Sri Lanka.
(2) Central Bank of Ceylon
1960s. The income level of the farmers barely allows them to buy the 
few essentials for their families and little or nothing is left to invest 
in farm improvements.
1.2 The Two Climatic Zones of Sri Lanka
Based on the rainfall pattern, two broad zones can be distinguished: 
the wet zone and the dry zone. The large plantation sector composed of 
tea, rubber and coconut occupies the available agricultural land in the 
wet zone (Appendix 1 and 2) and constitutes the modern sector of the 
agrarian economy. What prevails outside the modern sector is the traditional 
agrarian economy, at a low level of technologyfwhere peasant farming in
5small holdings is the predominant feature. In short, Sri Lanka provides 
the text book example of a dual economy.
The dry zone of Sri Lanka constitutes two thirds of the total 
land area (Appendix 1) and consists of the south eastern, eastern, north 
central and northern part of the island. Jungle and scrub land are 
dominant in this area (Appendix 3) mixed with paddy fields which are 
watered by tank irrigation.
1.3 The Rainfed Farming Project
In the past the peasant in the dry zone has been contented with 
irrigable land. He cultivates a crop of paddy, with which he is all too 
familiar, and leaves almost untouched the intractable upland which has 
continued to defy the expansion of settled farming. The need for more 
food production has developed a demand for more intensive use of the 
available land resources. As mentioned before, the neglected domestic 
food production sector gained importance, and priorities were directed 
towards research activities in developing appropriate new technologies 
composed of better nutrients (chemical fertilizers), better livestock, 
better cropping patterns, improved methods of crop and animal husbandry etc.
In this context the feasibility of settled farming under rainfed 
conditions was one of the main aspects that needed investigation. A 
study was undertaken by the Department of Agriculture in the dry zone of 
Sri Lanka. The project was established in September 1974, and was 
supervised by the Maha Illuppallama Research Station (Figure 1.2) . The 
project site is an area adjoining the research station. At first, five 
farm families were settled in five acre allotments. More families were 
settled in the following years, and by 1976 there were altogether eighteen
FIGURE 1.2
RAINFALL ZONES OF SRI LANKA
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7farm families. The main criteria used in selecting allottees were 
landlessness; farming background; number (from 2 to 5) of family labour 
units; and willingness to settle in the project area.
The required inputs for the first cultivation (like seed, fertilizer, 
agrochemicals etc.) were provided on loan. Wages at government rates 
were paid for the first three months.^ The cropping program and other 
technical information was made available through the research staff at 
the research station. Rainfed farming being considered a risky venture, 
mixed farming was practiced to tide over the vagaries of weather. In 
this project dairying was the animal husbandry enterprise. Maintaining 
an acre of fodder was made compulsory to feed the cows. The cows were 
purchased by the allottees from their own earnings.
After one year of cropping, the farmers were well settled in and 
were more independent with regard to farming decisions. Up to now, the 
project has been successful in that farmers' income and capital assets 
showed a steady increase, indicating the feasibility of establishing 
successful settled farms under rainfed conditions in the uplands of the 
dry zone.
1.4 Objectives of the Study
Although the existing farming system in the unirrigable uplands 
are merely traditional, the study undertaken by the Department of 
Agriculture of Sri Lanka has proved that settled farming under rainfed 
conditions is a feasible proposition. Availability of quick maturing
1 Wages - Man = Rs 6.32/day
Woman = Rs 5.54/day
Child = Rs 4.34/day
8varieties, timely cultivation, and mixed farming are considered key 
factors in the success of such farming systems.
Moreover, the deemed success of the rainfed farming project 
supported the feasibility of settled farming under rainfed conditions; 
however, if farming efficiency is to be improved, it is important to 
investigate the actual amount of labour required to undertake timely 
cultivation in peak periods. Another important consideration was the 
distribution of income throughout the year. This is important especially 
for the peasant farmer where income during the period between the months 
of July and November practically non-existent. Research investigations 
along these lines were carried out at the research station of Maha 
Illuppallama.
Briefly the aim of this study can be stated as being to explore 
the economic implications of incorporating new technologies into the 
above project with a view to improving rainfed farming. Also, an attempt 
is made to assess the feasibility of extending such a study to a range of 
similar farming situations common to the dry zone area.
Therefore, it is important to measure the economic benefits to 
the farmer of new technologies. It can then be determined which technologies 
are the more valuable and they can consequently be actively promoted by 
rural extension staff. Research workers can also be guided towards a 
better tailoring of each particular new technology to practical farming 
circumstances, and towards identifying areas where further new technologies 
are economically viable.
1.5 Sources of Information and Data Collection
The required information for this study was collected by an
9assistant who visited each farm daily. Being educated in a practical 
farm school she had a good knowledge about the practical aspects of 
crop husbandry and also of dairying. As such, data used in this study 
can be considered to be reasonably accurate. The following records were 
maintained separately for each enterprise.
a. Labour records - crops/dairy.
b. Agrochemical and other input use - crops/dairy.
c. Crop production records - yield, price etc.
d. Dairy production records.
e. Household expenditure.
The farmers' cooperation in providing the required information 
was good. Labour inputs and household consumption cannot be considered 
to be very accurate due to the farmers' rough judgement on units of 
measurement. Appendix 4 (A, B, C, D, E) illustrates the farm records 
maintained in this project. The records are available for a period of 
three years, viz. from 1974/75 to 1976/1977 inclusive which includes three 
rainy season (Maha season. ) cultivations and three dry season (Yala 
season ) cultivations.
1.6 The Study Area
1.6.1 The Settlement Type
This study is mainly concerned with the north central province of 
Sri Lanka which is situated in the heart of the dry zone and is in the D6 
area of Figure 1.2. The area was the centre of the ancient Buddhist 
civilisation and the prosperous agricultural economy which supported it. 
There is one capital asset of immense value built up by the ancient kings,
10
the ancient irrigation systems. Figure 1.3 gives the pattern of 
settlement in an area with predominantly traditional villages in the dry 
zone of Sri Lanka. For each settlement area there is a forest where 
slash and burn cultivation is practiced and is referred to as the 'Chena'. 
For paddy cultivation it has always been necessary to store water from the 
unevenly distributed precipitation to achieve as high an agricultural 
output as possible. Thus the tank in Figure 1.3 is the water reservoir 
below which the paddy is cultivated. The home garden and the 'Chena' 
cultivation depend on the rainfall for water supply. The distance between
FIGURE 1.3
THE SETTLEMENT PATTERN AND AGROSYSTEM OF
A TRADITIONAL DRY ZONE VILLAGE
Source: Rural Change and Spatial Reorganization in Sri Lanka -
Staffan Ohrling.
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dry zone villages is generally quite far to allow a free choice of uplands 
where shifting cultivation can be practiced without interference or 
excessive utilization of land, indicating the availability of land for 
upland cultivation under rainfed conditions.
1.6.2 Topography and Soil Types
The terrain of the land is primarily varying from undulating 
plains to mountain peaks with man-made irrigation tanks and distributing 
channel systems. The nature of the major soil groups and their distrib­
ution in the landscape is figured in Figure 1.4. A distinct catenal
sequence could be observed in the landscape (Alwis 1972-73). There are 
three landscape positions:
a. Summit: These are elevated areas of the undulating
land which is at the highest part of the landscape.
Reddish brown soils occupy the crests and are easily 
drained and water does not accumulate. In most 
years pulses and other vegetable crops are planted 
around the homestead which is normally built on these 
crests.
b. Slopes: These also have reddish brown soils and are
well to imperfectly drained, moderately fine textured.
The underground water table level does not recede 
rapidly with the onset of the dry season. Cash crops 
like chillies and tobacco are normally cultivated.
c. Plains: These are the lowest areas of the topographical
sequence. During the rainy season they have a high 
water table level and are ideal for paddy cultivation.
12
FIGURE 1.4
CATENAL SEQUENCE OF THE LAND
REDDISH BROWN EARTHREDDISH BROWN EARTH LOW HUMIC GLEY SOILS
SUMMITSUMMIT
SLOPESLOPE I WELL 
* DRAIN
PLAIN
WELL
DRAIN ^IMPERFECTLY 
1DRAIN
IMPERFECTLY
DRAIN ILL DRAIN
Source: Handbook of the Soils of Sri Lanka.
Journal of the Soil Science Society of Ceylon, Vol.II, 1972-1973.
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These are low humic gley soils, moderately fine 
textured greyish soils that occur on the lower 
part of slopes and valley bottoms.
Broadly speaking the present land use is as follows:
Reddish Brown Earths: Forest, shifting cultivation,
rainfed cereals, pulses in the Maha season, subsidiary 
food crops and rice under irrigation.
Low Humic Gley Soils: Mainly used for rice with or
without irrigation.
1.6.3 Rainfall Distribution
Variabilities in rainfall greatly influence the cropping strategies 
of the farmers. Rainfall variabilities may be in terms of the unpredictable 
time of onset, the intensity that will occur in any given month, or 
fluctuation in the late season etc. Maximum production under rainfed 
conditions require that farmers plan their farming activities considering 
all these aspects of the variability of rainfall. Cropping strategies 
may change radically during the year, depending on how the pattern of rainfall 
develops.
The dry zone of Sri Lanka is benefitted by two monsoonal rains.
These are:
a. The north east monsoon referred to as the 1Yala1 
season; and
b. the south west monsoon referred to as the 'Maha' 
season.
The precipitation rarely exceeds 75" from both these monsoons. Though this 
region is known as the dry zone, it is actually dry only by comparison to its
14
counter part wet zone. However, on the spectrum of world rainfall, an 
annual isohyte of 75" would barely be a valid criterion to demarcate 
a dry zone. The suitability of the term becomes evident when the monthly 
rainfall values are considered.
An example taken from a dry zone station typical of the area (Maha 
Illuppallama) is shown in Figure 1.5. The average rainfall during the 
months of May to September is less than 3" in each month. In contrast
the same station recorded about 7" or more in the months of October,
November and December. This bimodal pattern of rainfall experienced in 
the dry zone of Sri Lanka has an important bearing on the agricultural 
strategies that could be undertaken in the unirrigable uplands. The 
demarcation of the zones based on the rainfall during May to September is 
considered more appropriate for agricultural work and the map of Sri Lanka 
showing the dry zone receiving 20" isohyte during this period is illustrated 
in Figure 1.2 and is the area marked D6, where the Maha Illuppallama Research 
Station is situated.
1.6.4 Farming Systems
The cropping intensity in rainfed upland areas of the dry zone is 
a function of the production variables that exist in the area. Determinants 
that enter the farmers' decision rules for intensifying cropping patterns 
can be grouped according to physical, economic and social factors. Under 
rainfed farming conditions the main determinant which farmers consider in 
their cropping strategies is rainfall. Two types of agricultural practices 
could be observed in the cropping strategies of a dry zone farmer, i.e. 
lowland cultivation and upland cultivation.
Paddy is the dominant crop cultivated in the lowland. It constitutes
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the fundamental basis of the economy of the allottees. The crop is 
based essentially on irrigation. The north east monsoon (Maha rains) 
provides an additional supply of water. Two crops are grown per annum, 
during the two seasons, except in some parts where due to deficiencies 
of water it is not possible to grow a Yala crop. The rotation of other 
crops with paddy is not generally practiced despite government propaganda 
to grow subsidiary food crops and vegetables during Yala on the lowlands.
Generally, the following crops are grown in the uplands: (1)
Permanent tree crops - coconut, jak, citrus, mango, banana, murunga;
(2) vegetables, onions, chillies, yams; (3) dry grains like sesame, maize, 
sorghum, kurakkan; (4) pulse crops like green gram, cowpea, soya bean;
(5) tobacco; and (6) upland paddy.
Vegetables are cultivated during the Maha season. This is chiefly 
to meet domestic needs. The cultivation of dry grains and pulse crops 
is widely practiced. Sesame is mainly a Yala crop. Paddy is by far 
the most popular crop grown for home consumption. Chillie and tobacco 
are the main cash crops.
Rainfed farming is also practiced in the form of shifting cultivation, 
This has been almost dropped in many areas due to the limitation of forest 
for fallowing.
Most of the villagers do have two to three milch cows. The 
buffalo population is not very large compared to milch herds. The livestock 
industry does not play an important part in the economy in this area. The
milch cows hardly fulfill the milk requirements for home consumption. The
herds are unmanaged and have never been tapped for maximum production through
improved technology. However, the area has reasonably adequate land
17
resources for the cultivation of fodder grass and milk processing and 
collecting centers for the development of a dairy industry as a supporting 
enterprise to crop farming.
1.6.5 Extension Services
The Department of Agriculture is the only source of providing 
extension services to this area. The district regional office is in 
charge of the extension services for each district. The agricultural 
instructor is the farm level extension officer who covers on an average 
two or three neighbouring villages. The agricultural centre represents 
the village level office and is responsible for providing inputs like 
improved seed materials, certifying credit requirements, disseminating 
technical know how etc. Because the families in the project mentioned 
earlier are close to a research station and are managed by the research 
staff, they received much more than the general extension service 
common to the area. This could be the major drawback in extending the 
findings to the area as a whole. However, the increase in farming 
activities resulting from the Mahaweli Diversion Scheme^ has increased the 
farm level extension staff. Hence a concentration of extension service 
is observed.
1.7 Organization of the Study
This chapter is an introduction to the present study. It provides
the required background information relevant to the objectives of the
study. Chapter 2 reviews the methodology adopted and outlines the linear
1 Mahaweli Diversion Scheme is the largest river diversion scheme undertaken 
in Sri Lanka and hopes to provide irrigation facilities for 900,000 acres 
in the dry zone. Central Bank Report of Sri Lanka 1974.
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programming analytical framework and ends with the input-output matrices 
of the two selected study farms. The economic impact of the new
technologies (NTs) of the selected farms are discussed in Chapter 3.
A discussion of the parametric programming results is presented in Chapter 
4. In Chapter 5 analysis of the yield and weather variations as an 
illustration of the effects of risk and uncertainty are undertaken. The 
last chapter is devoted to a summary of the findings and to the recommend­
ations of the NTs to make rainfed farming a more efficient and economically 
feasible venture.
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CHAPTER 2
METHODOLOGY AND THE BUDGETING MODELS
This chapter deals with the methodology used and the justification 
of using the technique, and the budgeting models of the farms selected.
2.1 Methodology and Review of Literature
The farm planning decision models in most common use have been cost 
and return analysis, gross margin analysis, cash flow budgeting and 
comparative analysis. These planning techniques are simple and readily 
available but suffer from the weakness that only one choice criterion 
(usually gross margin per acre) is used to select the activities of the 
farm plan. The results will give a plan which maximises the return per 
unit of the factor selected which may not be the most limiting factor. 
Comparative analysis of a group of farms is used to measure the absolute 
and relative performances of individual farms on both an enterprise and 
whole farm basis and it is a valuable diagnostic tool and a source of data.
The cost and return analysis restricts the analysis to a nominated sector 
of the production possibility surface and may beg questions which are 
likely to be important, such as kinks in the factor factor function, the nature 
of limiting resources and the marginal revenue products of factors in use.
Both cost and return analysis and gross margin analysis have been well 
discussed by Richard (1967). The former is the commonest method used by 
many researchers in Sri Lanka to gauge the economic impact of new technology.
Dantzig (1951) invented the first successful general computational 
technique, the simplex method, for linear programming (LP) . With the advent of
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scientific and technological advancements, use of this tool has become 
relatively easier, due to ready made LP technique packages like AGLP,
AGPLP, FXILP, SIMPDX, SIMPLEX FMPS and so on. The theory and use of 
linear programming in agriculture has been well described elsewhere (e.g. 
Heady and Chandler 1965, p.l , Baumöl 1965, p.70 and Warring 1962, p.27).
Comparing LP with the other techniques mentioned above, Warring 
(1962) adds that the particular virtue of LP is the ease with which it 
permits those familiar with its use to conceptualise complicated enterprise 
patterns and the simplicity with which the mechanical mathematical 
techniques involved permit simultaneous consideration of the production 
possibilities offered, by a large number of interacting activities and 
restraints observable in empirical farm practices. Of course, the growth 
of fast large scale computer facilities has been the greatest single 
influence on the widespread use of sophisticated techniques like Linear 
Programming.
The methodology used in this study is whole farm analysis using 
the linear programming technique. Here the farm household model takes 
into account interrelationships between all productive processes through 
their dependence on a common resource base. The farm and household 
system is expressed in the form of an input-output matrix.
Many economists in the past have used LP in attempts to plan the 
optimum allocation of resources in the whole farm context. For example, 
Clayton (1964), Heyer (1971) on peasant farms in Kenya; Wardhani 
(1974) in Indonesia found it useful for planning in land settlement 
schemes; and Thodey and Repeepur Sekthera (1974) in Thailand to comoare
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system programs. The technique was used in Tonga by Hardaker (1975) and 
for more detailed planning in agriculture by Sharma (1977). Barlow (1977, 
1978) is using it in the evaluation of new technologies for small rice 
farms in Iloilo province in the Philippines.
All these authors used this method in studying the organization 
of small farms in peasant agriculture. Though the results may show limited 
promise and the appropriateness of using one objective function for small 
farms they do indicate the lines along which further development should be 
exploited. With reference to Sri Lanka, the use of LP techniques was 
demonstrated by Amarasinghe (1974) in the context of settlement objectives 
and other considerations of operational significance in the dry zone of 
Sri Lanka.
2.2 Whole Farm Analysis
The programming technique is an entirely mathematical technique.
The economic content is therefore nil. But the solution helps in assessing 
the implications of the economic information which has been assumed or fed 
in when constructing the input-output matrix of the model.
Basically it is a mathematical technique for maximizing (or 
minimizing) the linear function of variables subject to linear inequalities 
(Dantzig 1951, p.399). Represented mathematically the whole farm analysis 
technique using linear programming notation is:
Maximize Z = CX (1)
Subject to AX (-, = ,-)b (2)
and the non negativity condition X - 0 (3)
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where C is a row vector of 'surpluses' of unit levels of the set of 
activities available to the farm, a surplus being defined as 
a return over all cash costs, 
b is a column vector of order in (the RHS); and 
A is a m x n matrix (input-output coefficients).
This can also be expressed in terms of summation notation:
Maximize (or Minimize) Z - E C . X
j=l J J
Subject to:
ml - constraints E a__ Xj + - b^, i-l,2,...m^
m2 - constraints Ea.. X. -S, -b., i-m +l,...m j=i i) ] i 1 1 1
m3 = constraints E ij j = b^, i-m^+ir^+l^
j=l
(4)
(5)
(6) 
(7)
where m^ + m2 + m^
S. is unrestricted i=l,2 l mi + m2
Z = f (X) in the objective function, C_. and X_.
thC. and X.are gross margin and level of j activity respectively D D
tila . is the input-output coefficient of the j activity using iD
. , . ththe l resource
tilb. is the supply of the i resource (the RHS).
Advantages of LP Compared to Traditional Cost and Return Analysis 
The main disadvantages of cost and return analysis are 
inappropriate pricing of input and outputs. Using overall average 
prices and omitting overhead costs like land and capital lead to in-
1 Eighty per cent of the farmers in the area of Mahakanumullais are 
motivated by cash income. (Sri Lanka/Canada Dry Zone Project: 
Highlights on Pioneer Efforts 1975.)
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accuracies. The use of particular technologies results in major changes 
in the use of fixed costs, for example a short maturing and a long 
maturing crop which uses land for different periods. Also the traditional 
cost and return method does not recognize the real supply and demand 
position which determines the actual price of resources and therefore 
has major effects on the cost of using a technology.
Subjected to the adequacy of the defined model, linear programming 
overcomes the problems of inappropriate pricing in the cost and return 
analysis. In this technique, in the process of selecting a particular 
combination of technologies which maximizes the total surplus, it computes 
appropriate prices which indicate the marginal opportunity costs of a unit 
to the farmer of deciding to include those technologies it has rejected as 
less profitable.
As discussed by Anderson, Dillon and Hardaker (1976) the basic 
linear programming technique still suffers from drawbacks in its portrayal 
of whole farm budgeting. The assumption of linearity in the objective 
function and in the constraints means that it does not account for lumpy 
indivisible, fixed initial costs of certain activities; additivity 
assumes each activity and limiting factor is independent of all 
others; divisibility allows choice variables to enter the solution at any 
fractional level; non-negativity does not allow any activity to 
be produced at negative levels; and finally, perfect knowledge
assumes that constants or coefficients are known to be certain.
Similar to cost and return analysis the assumption of certainty 
does not account for the effects of variable outcomes and assumes the farmer 
is risk neutral rather than risk averse. The stochasticity is present
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in all coefficients of net return, and inputs which are ignored. Also 
the LP technique does not account for the sequentially stochastic 
decision making problem in real life.
These limitations of the LP technique can be partly overcome by 
using appropriate adjustment to the basic model. The means of consideration 
are much more satisfactory than the crude adjustments possible in cost and 
return analysis. This is within the scope of a researcher who is 
experienced within the actual farming conditions who could make relatively 
simple modifications of the basic models to achieve a more realistic 
representation of the problem. The effect of risk on decision making can 
be usefully considered through the minimum absolute deviation (or Motad) 
approach as discussed by Anderson, Dillon and Hardaker. Again the results 
of sequential decision making can be quite well simulated by manipulating 
the sets of technologies available for use by the farmer, according to 
assumed weather conditions. Also it needs to be noted that methods other 
than whole farm analysis are available to handle some of the problems 
mentioned above. The methods are well explained by Anderson, Dillon and 
Hardaker(1976).
One such method is paramatization of yields and resource constraints 
used in the basic models to suit the variability that one could expect.
In such studies varying the key resources which ought to be the most 
binding provides a range of options for decision making. Maruyama (1972) 
justifies paramatric analysis on two grounds:
a. The apparent difficulty in revealing the farmers' 
risk aversion as preference towards uncertainty; and
b. the insufficient reliability of the basic information
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inputs as is often the case in many practical 
farm planning applications.
In this study, based on the data collected, from the project 
mentioned, two case study farms were selected to represent the majority 
of the farming population found in the area. Basic budgeting models were
constructed for the two farms separately (Section 2.6). Parametric programming 
is then undertaken to extend the models simulated to cover the possible 
farming situations in the study area.
2.3 The Case Study Farms
The two case study farms selected are:
a. Kadigawa's farm.
b. Sirimalnaide's farm.
With respect to land and cash supply a very similar situation is 
observed as they were settled in 5 acre allotments, and a rural bank loan 
was the only source of credit. None of the families had any other source 
of income. However, labour availability, personal characteristics, education 
levels, caste and especially managerial abilities vary to such an extent 
that one could be regarded as the richest and the other the poorest farmer 
among the project farmers. None of the families had any tangible assets 
at the time of settling in the project. Within three years of cultivation 
Kadigawa's farm assets situation showed him to be the richest and 
Sirimalnaide a poor farmer.
2.4 Resource Situation (of the two case study farms)
The basic situations of the two case study farms are summarized in 
Tables 2.1 and 2.2. Based on these,the models are described and the levels 
of constraints are set appropriately for each farm household. Thus in the 
Kadigawa's farm the family labour available will be specified as 210 hours per
TABLE 2.1
BASIC FARM HOUSEHOLD SITUATION - KADIGAWA
Land Terrace
1 2 3 4 5
, aClass Rain Fed
, bLandscape WD WD .PD PD ID
Texture Clay Soil
m c Tenure CL CL CL CL CL
Area (Acres) 1.32 0.99 1.00 0.89 0.75
Total Area 4.95 Acres
2. Dairy - 2 Cows + 2 Calves
3. Farm Family Maximum Hours Available/Week
Relationship No. of Hours
to the Farmer /Week
Farmer 42
Wife 42
Son 42
Son 42
Related Son 42
Total 210
4. Liquid Cash on Week 40 = Rs 0
(beginning of crop year)
5. Max. Credit Availability = Rs 4500/Season (Rural Bank Loan)
6. Household Expenditure = Rs 6000/year
7. Other Assets = 1 Knapsack sprayer 1 Bicycle
h. Acre paddy land 1 Radio
1 Sewing Machine 2 Wrist Watches
Household Furniture
8. Home Consumption _________ Crop________________ Tons________
Paddy 0.20
Green Gram (Maha) 0.02
Maize 0.013
Cowpea 0.10
Chillies 0.003
Green Gram (Yala) 0.02
Cowpea (Yala) 0.02
Gingelly 0.005
Notes: a R = Rainfed
b WD = Well drained; PD
c CL = Crown Land
Poorly Drained; ID =111 Drained
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TABLE 2.2
BASIC FARM HOUSEHOLD SITUATION - SIRIMALNAIDE
1. Land Parcel
1 2 3 4 5
, aClass R R R R R
_ bLandscape WD WD IPD IPD ID
Texture Clay Soil
Tenure0 CL CL CL CL CL
Area (Acres) 1.01 0.99 0.90 0.94 1.16
Total Area 5.00 Acres
2. Labour Maximum Man Hours Available/Week
Relationship No. of Hours 
/Week
Sirimalnaide 42
Wife 42
Son 42
Total 126
3. Animal Husbandry = one cow/one calf
4. Liquid Cash; week 
(beginning of
40
crop year)
Rs 0
5. Max. Credit Availability = Rs 4500/season (Rural Bank Loan)
6. Household Expenditure = Rs 3500 (average of two years)
7. Other Assets = 0
8. Home Consumption Crop Tons
Cowpea (Yala) 0.01
Green Gram (Yala) 0.01
Gingelly 0.005
Green Gram (Maha) 0.02
Paddy 0.20
Chillie 0.003
Cowpea (Maha) 0.03
Maize 0.02
Notes: a R = Rainfed
b W = Well Drained
IPD = Poorly Drained
ID = 111 Drained
c CL = Crown Land
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week, which is the maximum. Sirimalnaide >s budgeting model will 
emphasize a low labour availability which is 126 hours per week. The 
household expenditure for the Kadigawa family is Rs 6000 per annum 
and takes place unevenly. The other farm family has a household expenditure 
of Rs 3500/annum.
Comparison of other assets shows the wealth of Kadigawa's family.
f
For both families the cash availability in week 40 (the beginning of the 
cropping year) is zero. (Refer to Appendix 5.) There is comparatively 
little variation between other resources belonging to the two farms.
2.5 Personal Characteristics of the Two Farm Families
This is the most significant difference observed in the two families. 
Kadigawa stands out as being consistently a better manager of all his crops 
and other activities. This is obvious from their crop yields, and 
also from day to day behaviour. Kadigawa's crop yields and his income 
supports his superiority in farming activities. He has a very enterprising 
personality and is well literate. His wife's attitude towards farming is 
very encouraging. The family as a whole is dedicated to farming activities 
and are quite ambitious.
Sirimalnaide is not literate and he is much less enterprising.
He seems contented with yields to satisfy the family's minimum 
requirements. His wife with small children puts less effort into farming 
activities. These two families probably represent the majority of farm 
family characteristics of the farming population in the area.
In selecting Kadigawa's farm the aim was to study the possible 
improvements that could be brought about by using labour saving techniques, 
on a rich farm. This farm could be considered to have sufficient labour.
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But, with the high demand for labour in the area especially during peak 
periods, labour saving technologies would be more attractive to release 
family labour for other profit improving activities. Selecting a poor 
farm like that of Sirimalnaide of course is important to explore the 
possible means of improving such farms. Because this farm has few labour 
units, and this is considered to be a limiting factor for progress, thus 
use of labour saving technologies could be of immense help. Hiring 
labour during peak periods is almost impossible.
One common reason for selecting these two farms is to study the 
feasibility of introducing a perennial industrial crop like castor, for a 
high crop yield and a low crop yield farm. Also, these two farms could 
be considered to represent the majority of the farm families in the project, 
since the distribution of farms by size in the project area is a U-shaped 
one.
2.6 The Budgeting Models (two case study farms)
Using the static linear programming technique,the family farms were 
viewed as a whole with a common resource base from which alternative 
enterprises of crops and livestocks can be chosen to satisfy the objectives 
of farming. A broad outline of the whole farm budgeting model used in this 
study for one farm ( Kadigawa's farm) is detailed in Table 2.3. The model 
covers one year of operation for a farm household unit, which in this study 
is the period from the beginning of October to the last week of September, 
in the following calender year (Appendix 5). This period is the normal 
crop year in the dry zone area of Sri Lanka.
The various categories of activities are shown across the top of 
Table 2.3. The first and the major category is crop production which 
occupies around one half of the matrix area. The different crop production
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activities have different requirement levels of the restricted resources
of the farm, which are detailed on the left hand side of the budgeting
model, and includes land, labour and cash. Each of these is defined
on a weekly basis. In the relevant row vector, the coefficient
represents the requirement of each restricted resource by a unit of the
activity and in this study the unit is an acre (Appendix 6). The
positive or the negative sign in front of the coefficients denotes that
resources are used up or are a contribution to the row respectively, by
the particular activity. Thus crop production activities used up land,
labour, cash supply and have+ ve P . and its contribution to the transfermk
vector has a - ve P . This nomenclature of + ve and - ve signs for the P ismk mk
followed for all activities in the matrix. The surplus per unit of 
crop production activity is zero, because the yield from which the surplus 
can be generated is taken up by the transfer vector row.
The second category of activities are those of dairy production 
activities. Two such vectors are defined for the two dairy units 
producing milk during the first half and the second half of the year 
respectively. In Sirimalnaide's farm only one milk production vector 
for the Yala season is described as he had only one cow. Similar to that 
of the crop production activity, the dairy production vectors have a + ve P ^  
for labour, cash and pasture rows, and a - ve P ^  for the dairy transfer 
row. The land use for pasture production is excluded from the matrix 
as it was a constant of one acre for every farmer. The pasture row 
consists of 3 vectors representing the pasture yield during the wet season, 
dry season and supplementary pasture obtained from outside.
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The third category represents the crop consumption activities, 
one such vector being defined for each crop consumed. The average 
total of the crops consumed is expressed in tons, representing the 
consumption minima of each crop. These consumption minima necessarily 
impose a compulsory production of the respective crops, in order to satisfy 
the minimum requirement levels. With respect to milk consumption, which 
is quite insignificant to the quantity sold, the value of the consumed 
milk is included in the household expenditure, assuming it is bought from 
outside. The total production is represented in the sale vectors. This 
change is made to avoid the compulsory production of milk enterprises in 
the solution by imposing consumption minimum levels.
The fourth and fifth categories of activities are those of 'crop' 
and 'dairy' sales, where crop is taken out of the respective balance rows 
and added to the value of these amounts in cash to the relevant cash supply 
row. The surplus per unit of crop sales activity is again zero.
The next category includes household expenditure vectors which 
takes from the weekly cash rows the total amount of 'cash expenditure' 
expected in each week. In this model the expenditure pattern is categorized 
into three levels.
Week No. Percentage Averages 
of Total Expenditure
40 - 05 0.00192
06 - 15 0.0504
16 - 39 0.0192
This is the typical pattern observed among the farmers. During
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the cultivation period from 40 - 05 weeks the farmers actual household 
expenditure is a minimum as the basic essentials are bought'on account'.
The price per unit bought on account is supposed to be a cent or two 
higher than on cash. This extra charge is not significant and also not 
certain to some extent to be included in the analysis. At harvest time 
(06 - 15 weeks) these accounts are paid back in instalments. Once the 
accounts are settled the expenses on cash remain normal.
The loan vectors serve to add cash in the earlier weeks of the 
crop year but take away cash at the later stages of the year, when 
repayment of principal and interest are due. The hired labour vectors 
use cash supply and contribute hours of labour to the family labour row.
Crop and dairy transfer vectors take up the crop from the 
relevant enterprises from the production rows, use labour, cash or machinery 
in harvesting (or milking) and contribute the yield resulted to the 
relevant balance rows. Crop transfer is defined in tons/acre and the 
dairy transfer vector in gallons/cow.
Finally, the cash saving vector performs the function of trans­
ferring extra cash from week to succeeding week during the year, and the 
cash surplus vectors allow cash not used in the profit maximizing process 
of activities to be set aside as a surplus to needs. This surplus enters 
into the objective function. Each cash surplus vector, which is defined 
in one rupee units, has a surplus C^ of + Rs 1.00 per unit of cash surplus 
activity.
The household cash surplus in the final solution is the total 
of the individual surpluses generated by all the units of cash surplus vectors 
which is maximized in the linear programming process discussed earlier.
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As such the total household cash surplus CX is return to management, 
land, family labour and working capital tied up in the farm household 
enterprise. No off farm work is done by the farmers.
The above discussion shows how the whole farm budgeting model 
allows the interrelationships to be expressed between various activities 
categorised across the top of Table 2.3 in terms of their requirements of 
the basic resources, land, labour, cash and pasture. The optimum 
combination of activities in LP is selected in the light of farm prices 
designated in the framework of the model.
2.7 Activity Analysis and Historical Technology Vectors
The basic element of most farm budgeting assessments are the HTs.
The HT (historical technologies) vectors in this study are based on 
'activity analysis'. An activity analysis is a catalogue over time of 
the recorded inputs and outputs pertaining to a given crop of a given 
specification on a given plot in a given year. An activity analysis is 
illustrated in Table 2.4. This is for the first crop of cowpea in 
Kadigawa's farm in 1975/1976. This analysis details by weeks and operations 
the actual recorded inputs/acre of man hours, seed, agrochemicals and 
fertilizer together with the yield. In cost and return analysis also 
similar basic physical data are needed. The prices of inputs and outputs 
used in this study are detailed in Appendix 7.
Two steps are involved in determining historical technology vectors 
from the above activity analysis. The first step is to group all activity 
analyses which refer to a given technology. The technology detailed in 
Table 2.4 has been recorded in years 1974/75, 1975/76, 1976/77. The 
second step is to define, for each selected group of activity analyses, 
an appropriate set of vectors which covers the range of planting dates
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and performances represented. Table 2.5 shows the set of historical 
technologies defined to cover the range, represented by the group of 
activity analysis for the HT cowpea first crop.
In vector 'A' land preparation occurs in week 32 and harvesting 
of the crop in week 05. In vector 'D' at the other end of the range, 
land preparation occurs in week 35 and harvesting of the crop in week 08. 
There are altogether four vectors. Average labour inputs per acre are 
also shown for each operation, and these are based on overall averages, 
calculated from the relevant group of activity analysis on which the 
vectors of Table 2.5 are composed. In fact the activity analysis on 
which the vectors of Table 2.5 are based showed a markedly lower yield 
from later planting due to drought stress and this is accordingly reflected 
in Vector 'D'. The yield dependent inputs of harvesting processes are 
measured on a per ton basis and linked to crop production vectors by 
separate transfer vectors. Thus the set of vectors in Table 2.5 show in 
more orderly fashion the range of operations on a weekly basis and the 
performances represented by the relevant group of activity analysis.
The input-output matrices thus constructed are used as the base 
for the assessment of new technologies in the following chapters.
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CHAPTER 3
THE IMPACT OF INTRODUCING NEW TECHNOLOGIES
Thp first half of this chapter describes the historical 
technologies (KTs) and the proposed new technologies (NTs). The model 
assesses the 'Base Situation' of the two case study farms, where
production is determined by the existing technologies referred to here as 
historical technologies. The optimal solutions of the models for this 
situation are compared with the actual choice of cropping patterns for 
the year 1976/1977.^
The second half of the chapter deals with the impact of intro­
ducing new technologies. To a certain degree the benefits of introducing 
possible new technologies need to be assessed against the benefits 
confirmed by the technologies used in the historical period. In practice 
it is very unlikely that within a year or two farmers will replace well 
proven historical methods with new untried technologies, however promising 
they may be. Therefore, it is necessary to consider both historical 
technologies and new technologies in a realistic farm budgeting model.
In other words, the new technologies were included as a package in the 
farmers'options along with the HTs and the situations were compared.
3.1 Historical Technologies of the Two Case Study Farms
The cropping patterns presently practiced are regarded as historical
1 1976/1977 year is the latest year for which detailed records are available.
Cultivation of certain crops like tobacco and black gram are of recent 
practice. Hence this particular year is considered representative to 
compare the cropping programs.
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technologies. These are very much similar in the two case study farms 
selected, namely the Kadigawa's and Sirimalnaide's farms. The varieties 
used are quick maturing and specially bred for upland conditions. These 
have been released by the Department of Agriculture and are available to 
the farmers in the area. The cultural practices and other recommendations 
are distributed with the purchased seed packets. Many peasants have 
already cultivated some of these varieties and are aware of the new 
recommendations.
The major cultivation activity starts in October with the onset 
of Maha rains (Chapter 2, Section 2.6) and the cultivation is referred to 
as the 'Maha season cultivation'. The cultivation during the Yala season 
is referred to as the 'Yala season cultivation*. Experience of a similar 
rainfed farming project in the past made it clear that timing of 
cultivation is of utmost importance under rainfed farming. This is 
considered as the key factor for the success of the outcome. Establishment 
of crops almost with the first rains seems to have an important bearing 
on the yield. This is because of the possibility of achieving the 
maximum use of the precipitation from the beginning of the monsoon.
Under the farmer's traditional land preparation it is necessary 
to wait for a few monsoonal rains for the soil to be ploughed. This 
situation is further aggravated by the insufficient machine power available 
in the area. These two aspects seem to delay crop establishment. In 
order to overcome this problem a new technology of scraping the surface 
weeds before the monsoonal rains was adopted. Thus each allotment had
weed free land at the onset of the rains. Direct seeding or transplanting 
was practiced on to the unploughed, weed free land, providing the farmer
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at least 2-3 weeks advantage. This enables the farmer to avoid spending 
time in preparing the land after the monsoon has started.
The cropping programs for the two seasons practiced by the two 
case study farms are detailed in Table 3.1, and the land use pattern 
sketched in Figures 3.1a and 3.1b.
In the Maha season tobacco and chillie crops were established by 
transplanting seedlings. All other crops were established by direct 
seeding according to the recommended spacing. On an average at least 
one to two weeding operations per crop were undertaken. Insecticides 
and pesticides were used only with the incidence of a noticeable attack.
All crops received at least one fertilizer dose as prescribed. Due to 
vagaries of rainfall more than two fertilizer operations were found to be 
unfeasible. Overall the crop stand and weed control was found to be 
good in Kadigawa's farm and was reasonably good in the other farm.
The Yala cultivation activity starts in mid-March. (Table 3.1 
and Figure 3.1b.) The cultural practices had been very much similar in 
both farms, the difference being that Sirimalnaide's farm had not 
cultivated the black gram crop.
To sum up, the crops and the respective varieties cultivated in 
the project are similar to the crops cultivated in the uplands of the area. 
But in the project an attempt was made to establish a settled farming 
system completely under rainfed conditions.
3.2 The New Technologies
The need for investigating the proposed new technologies is based 
on two main reasons:
a. The necessity for timely cultivation under rainfed
conditions discussed above.
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FIGURE 3.1
LAND USE AND CROPPING PROGRAM TO THE TWO SEASONS
TERRACE NO.
MAHA SEASON
[OMESTEAD TERRACE NO
TOBACCO 
VEGETABLES 
LEGUMES ^
GRAIN CROP
VEGETABLES
TOBACCO
CHILLIES
TOBACCO
CASTOR/LEGUME
PASTURE
PASTURE
PADDY
PADDY
(b) YALA SEASON
LEGUME
LEGUME
TOBACCO CONTO
TOBACCO
LEGUME
SESAME
SESAME
CASTOR
CASTOR CONTD
PASTURE
PASTURE
LEGUME LEGUME
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TABLE 3.1
CROPPING PROGRAM: (ACTUALLY PRACTICED
IN THE TWO CASE STUDY FARMS)
Maha Season Yala Season
Paddy (V255) Cowpea/Green Gram
Cowpea (MI35) II
Green Gram (MI4) II
Castor/Green Gram Castor
Tobacco Sesame
Soya Bean
Chillie (MI2)
Maize (Thai compos it) 
Black Gram (Mil) 
Pasture Pasture
b. It is also observed that in the dry zone heavy weed 
growth is a major problem specially during the Maha 
season. A substantial number of man hours are 
spent in weeding. The difficulty of meeting 
the demand for labour at peak periods has a 
detrimental impact on yield and hence on income.
Thus in this study major emphasis has been placed on NTs that 
could reduce the labour inputs in major operations such as land preparation, 
weeding and harvesting, and thus enable increased cropping intensity, income 
and even greater total labour employment on farms. The three new 
technologies incorporated in the present study are: 
a. Chemical weeding.
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b. Mechanical weeding including manual weeding using 
hand tools.
c. Dwarf Castor Variety - Hazeere No. 1.
The estimation of the NTs has been undertaken separately for both farms. 
Much less information is available for NT's when compared to the historical 
technologies. The vectors are constructed on the basis of informed 
estimates and do not involve activity analysis. The new technologies 
are considered in detail below.
3.2.1 Chemical Weeding
Agrochemical use especially the insecticide use, is fairly common 
among the farmers. Sprayers could be hired at subsidized prices from the 
farmers' cooperatives in the village. Thus the introduction of weedicides 
as a new technology needs no special effort. The weedicide considered in 
this study is 'Paraquot', a total weed killer and is used a week before 
planting. This reduces the labour requirement for land preparation.
Also, the mulch formed by the dead weeds could reduce surface evaporation 
during the short dry spells that are common during the Maha season. In 
this study two sprayings within 12 day intervals is considered adequate 
to attain the required level for planting. The labour requirement for 
land preparation and weeding is drastically reduced with a comparatively 
high cash outlay (Appendix 8).
3.2.2 Mechanical Weeding; Using Hand Tools
The mechanical weeders used in this study are simple hand operated 
tools. As mentioned before no ploughing was done during the three year 
period under study. Land preparation is mainly confined to scraping of 
surface weeds. The Japanese rotary weeder1 is a simple hand operated
1 The Japanese rotary weeder is a simple hand operated tool with rotating 
fringed blades used mainly for mechanical weed control in irrigated 
paddy fields.
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implement which could be tried in highland paddy cultivation. Farmers 
normal row seeding of paddy at 9" spacing between the rows make it 
suitable for the use of this weeder. The other hand operated mechanical 
implements are simple hand tools with different shapes of cutting edges 
(flat, curved, fringed) that are lighter than the traditional mammoty.
These have been designed by the Designing and Testing Unit of the Research 
Station at Maha Illuppallama. These implements have been distributed
among a few farm families for testing and the feed back has been quite 
encouraging. Subject to their being supplied at a relatively low cost, 
they are expected to become very popular among the farmers'^
The labour requirements of using these implements have not been 
recorded. Researchers feel more improvements could be done from the 
feed back and hence the implements are still not in their final stage of 
design. The labour requirements used in this analysis (Appendix 8) are 
the estimates obtained from discussions with the farmers.
3.2.3 Use of Dwarf Castor Variety; Hazeera No. 1
Experiments carried out at the Research Station at Maha Illuppallama 
have shown no significant yield difference to the presently cultivated 
variety. Being a dwarf variety the labour requirement at harvesting is 
minimised. The labour requirement for the present tall variety is quite 
substantial and need on average around 495 man hours/year/acre for 
harvesting and drying. The estimated labour requirement for the dwarf 
variety is 253 man hours/year/acre. The introduction of a profitable 
industrial crop seemed necessary to improve the financial situation of the 
farmer, specially during the dry spell. This particular crop could be 
harvested during the off season and was found ideally suited for rainfed 
farming.
An estimated hiring charge for the equipment of Rs 10.00 per acre 
is assumed except for the Japanese weeder which is normally hired 
at Rs 15/acre.
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The input coefficient estimates of the above technologies 
incorporated in the study are based on a combination of the farmers' 
elicited judgements or researchers' experience. However, the outcome 
of adopting a technology is largely influenced by the relative managerial 
ability of the individual farmer. It is a difficult task to determine 
the estimate of the new technology vectors, especially in respect of 
eliciting the true expectation of the farmer concerned. In particular 
the input levels judged relevant to a given technology by a certain 
farmer may differ substantially according to resource constraints and 
farmer's preference etc. This has a direct effect on yield, which could 
vary accordingly. Also the farmers assessments of a particular NT will 
change as the farmer gets more accustomed to it.
Another major factor that could influence the assessment of NTs 
is the managerial abilities of the individual farmers. Relative 
managerial ability is a major cause for the differences in the outcome of 
a given technology between farmers.
The following discussion first deals with solutions of historical 
technologies alone, and then both HTs and the NTs taken together.
3.3 L.P. Solution to the Base Situation (HTs Only)
The activities included in the optimal plan for Kadigawa's farm 
are presented in Table 3.2 along with the cropping program practiced in 
the year 1976/77. A striking difference is seen in the acreages under 
black gram, tobacco, and in dairy production. Cultivation of black gram 
being new to the area could be the main reason. In the Maha season the 
low acreage under tobacco crop could partly be due to the presence of the
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TABLE 3.2
OPTIMAL SOLUTION FOR THE BASE SITUATION 
AND THE CROPPING PROGRAM 
(KADIGAWA'S FARM AT THE 1976/77 YEAR)
Activity Level (Acres)
Optimal Solution Cropping Program 1976/77
1. Cropping Program
Yala Season Cowpea 2.0 62 1.235
Green Gram 0.095 0.836
Black Gram 1.825 0.143
Sesame 0.017 0.549
Dairy 1 Cow 1 Cow
Maha Season Green Gram 0.111 0.283
Soya Bean 0.841 0.593
Paddy 0.452 0.767
Chillie 0.030 0.353
Tobacco 2.062 0.879
Cowpea 0.454 0.253
Maize 0.048 0.067
Dairy - 1 Cow
Castor - 1
2. Surplus (Rupees) 6411.94 6009.19
3. Cropping Index 1 . 6 1 5 1 . 4 0 6
4. Surplus Per Acre (Rupees) 1 2 9 5 . 3 4 1 2 1 3 , 9 8
1
Cropping Index = Total cropped area
in both seasons
Cultivated area of 
the farm
x 100
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perennial crop of castor and also due to the labour restriction of 
having a dairy unit.
There is a close similarity in the surplus and the cropping 
index of the two situations. The zero marginal opportunity cost for 
all activities included in the matrix indicates that there is no extra 
cost of introducing these activities. Hence all activities are sub- 
optimal technologies. The equality in surplus of the two situations 
could be attributable to the Maha dairy unit and the acre of castor 
balancing the extra income from tobacco in the model solution.
To sum up, the over all indications of L.P. solution for 
Kadigawa's farm can be stated in general terms as: the crop combination
and the level of activity had little effect on the cropping intensity or 
the income compared to the actual situation but one dairy unit is included 
in the optimal solution as opposed to two dairy units in the actual 
situation.
Table 3.3 details the L.P. solution and the actual practiced 
cropping programme for Sirimalnaide's farm. The low acreages under 
cowpea and green gram could be mainly due to the risk averse nature of 
this subsistent farmer, who cultivates greater acreage under low input/low 
income crop like sesame. In the model solution a higher acreage under 
labour intensive crops like green gram and cowpea has replaced the dairy 
enterprise.
Soya bean and tobacco have been recently introduced and have 
shown to be promising. Thus greater acreages could be expected as 
indicated by the model solution. Finally the crop combination and level 
of activity in the L.P. solution means greater land use as shown by the 
cropping index at the expense of the dairy unit with considerable gain
in income.
TABLE 3.3
OPTIMAL SOLUTION FOR THE BASE SITUATION AND THE CROPPING 
PROGRAM OF THE 1976/77 YEAR 
(SIRIMALNAIDE'S FARM)
Activity Level
Optimal Solution
(Acres)
Cropping Program 
1976/77
1. Cropping Program 
(Acres)
Yala Season Cowpea 1.891 0.993
Green Gram 2.047 1.673
Sesame 0.071 0.798
Dairy 1 Unit
Maha Season Green Gram 0.068 0.330
Soya Bean 1.341 0.100
Paddy 0.370 0.780
Chillie 0.049 0.730
Tobacco 1.854 0.360
Cowpea 0.271 0.300
Maize 0.095 0.250
Dairy - -
Castor - -
2. Surplus (Rupees) 2091.11 1955.76
3. Cropping Index 1.60 1.17
4. Surplus/Acre (Rupees/Acre) 418.22 391.15
3.4 Resource Use Product Choice With NTs
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ihe following discussion deals with the impact of 
introducing new technologies to the base situation of the two farms.
3.4.1 Kadigawa's Farm
Table 3.4 details the comparative indices used in assessing the 
NTs for the two case study farms. Kadigawa's farm shows no significant 
change in cropping program and the surplus by adopting NTs. (Compare 
Tables 3. ? ind 3.4 ) This could be expected because of the higher number 
of family labour units (5) available in this farm. The situation could 
be better understood from Figure 3.2(a) where the family labour is 
sufficient to meet the demand throughout the year.
The contrasting difference is observed in the actual labour use 
and the labour use pattern in the model solutions. Between weeks 46 
and 50 and 15 and 18, the labour requirement exceeds the family labour 
availability. The reason could be due to castor crop and the dairy 
activities with the greater chillie and paddy acreages demanding more 
labour than actually available. Between weeks 45 and 50, chillie planting 
and paddy weeding operations to be undertaken at the same time demand more 
labour than is actually available.
No significant change is observed in the labour use pattern (Figure 
3.2a)after introducing NTs. There is some reduction in labour in land 
preparation and weeding operations. A significant change is observed in 
the. MVP1 of labour in the two situations (Figure 3.2(b)). With the 
acceptance of NTs (up to 50%), the MVP of labour has decreased to zero 
throughout the period from weeks 42 to 16. However, with HTs there is 
a rise in MVP in several weeks. With an increase in land area more 
surplus could be generated than with HTs only (Table 3.5). There is no 
significant difference in MVP for cash in the two situations.
1 MVP = Marginal Value Productivity
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TABLE 3.4
THE EFFECT ON CROP AND DAIRY ENTERPRISE SELECTION 
WITH THE INTRODUCTION OF NEW TECHNOLOGIES
Activity Level (Acres)
Kadigawa's Farm Sirimalnaide's Farm
Cropping Programs M.W.a bH.T. M.W.3 T, m bH.T.
Yala Season Cowpea 0.523 1.544 (2.067) - 0.354
Green Gram0.095 - 1.750 0.581 (2.331)
Black Gram 1.445 0. 376 (1.821) - -
Gingelly 0.175 - 0.071 -
Dairy 1 Unit 1 Unit
Maha Season Green GramO.lll - 0.068 -
Soya Bean 0.836 - 0.635 -
Paddy 0.452 - 0.370 -
Chillie 0.030 - 0.050 -
Tobacco - 2.062 1.051 0.256 (1.307)
Cowpea 0.454 - 0.231 -
Maize 0.048 - 0.095 -
Dairy - -
Castor
(Dwarf
Variety) 1.251
2. Surplus (Rupees) 6494.49 2421.62
3. % Area Under New 
Technologies 50.84 84.32
Note: a Mechanical Weeding
b Historical Technology
The figures within brackets give the total area cultivated.
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TABLE 3.5
THE MARGINAL VALUE PRODUCTIVITIES FOR LAND AND CASH 
IN THE TWO SITUATIONS FOR THE KADIGAWA'S FARM,
IN SOME SELECTED WEEKS
Marginal Value Productivity
Week No. cHT
LAND
dHT + NT 
LAND
Week No. cHT
CASH
dHT + NT 
CASH
Rupees/Acre Rupees/Rupee
40 - 45 0 0 40 - 51 1.826 1.808
46 2052.81 0
49 - 2451.34 52 - 07 1.675 1.658
47 - 39 0 0 08 1.09 1.09
12 416.69 596.70 09 - 39 1.00 1.00
Note: c = Historical Technology
d = Historical Technology and New Technology
3.4.2 Sirimalnaide1s Farm
The effect of NTs on Sirimalnaide's farm is more significant than 
in the previous farm due to the different resource levels and constraints 
incorporated in the model. This shows the importance of keeping in mind 
when discussing the meaning and implication of the results obtained that 
these individual farm models were built incorporating many features unique 
to each farm. In the modelling process the effort to elicit and incorporate 
all the important factors relevant to an individual farm has a tremendous 
effect on the variation that one could observe in introducing NTs.
The introduction of new technologies has more impact on this
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particular farm having 3 labour units relative to the previous one. The 
castor crop which is perennial has almost replaced the acreage under cowpea, 
in the Yala season (Tables 3.3 and 3.4). The same crop has reduced the 
acreage under Soya Bean and Tobacco in the Maha season. Nearly 84% of the 
acreage (Table 3.4) cultivated is under NTs which is 34% more than the 
previous farm. The increase in surplus in using NTs is Rs 330.51.
However, no change in surplus is observed in the other farm.
The MVP of land (Table 3.6) has increased with the introduction 
of NTs. Similar to the previous farm there is no change in MVP for cash.
TABLE 3.6
THE MARGINAL VALUE PRODUCTIVITIES OF LAND AND CASH 
IN THE TWO SITUATIONS FOR SIRIMALNAIDE’S FARM 
IN SOME SELECTED WEEKS
Marginal Value Productivity
Week No. cHT
LAND
HT + NT 
LAND
d Week No. HT C 
CASH
dHT + NT 
CASH
Rupees/Acre Rupees/Rupee
40 - 45 0 0
46 956.81 0 40 - 03 1.09 1.09
47 0 1226.01
49 - 09 0 04 - 39 1.00 1.00
10 39 105.23
11 - 39 0 0
HT - Historical Technology 
NT - New Technology
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The most significant variation in the MVP is observed with respect to 
labour (Figure 3.3(b). The introduction of NTs has tended to raise the 
MVP of labour in certain periods and also has evened out the effect 
without having many peaks. This is demonstrated in Figure 3.3(a) which 
shows a more intensive and more even use of labour in both seasons from 
week 40 - 20. With the HTs, the extent of labour use indicated in 
Figure 3.2(a) around weeks 8 - 1 0  exceeds the actual family labour available 
Primarily, this could be due to the castor crop and the dairy unit along 
with the Maha cultivation requirement of labour increasing the MVP of labour 
The introduction of the castor crop is quite feasible for a 
subsistence farmer as it helps to even out the cash flow during the slack 
period. The castor crop is harvested during the slack period and hence 
gives some income when there is no other production activity.
Figure 3.a(a) shows that this farm depends on substantial amounts 
of hired labour in both seasons when HTs are used. It is very interesting 
to observe how the L.P. technique selects the optimum solution to use the 
available labour intensively without having to hire labour, and reaches 
a higher surplus than with HTs.
3.5 Costs of Adopting Sub-Optimal Technologies
The extra or marginal opportunity costs (M.O.C.s) of including sub- 
optimal technologies are part of the information given by the L.P. technique 
in presenting its optimal solutions. The M.O.C. of adopting the NTs for 
the major crops are detailed in Table 3.7 for the two farms. For the 
technologies specified as optimum in the two situations the M.O.C.s are 
zero. There are no extra costs in introducing these vectors since they 
are already in the optimum solution. Other technologies with an M.O.C.
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of zero or close to zero, may be considered optimal or close to optimal 
in the circumstances of this particular L.P. solution.
Table 3.7 shows that the M.O.C. of using chemical weeding is 
remarkably high. This is largely because at the beginning of the 
cultivation period the value of cash is quite high, thus increasing the 
total opportunity costs to the farmer, in using this technique. The 
lowest value of M.O.C. for this technique is Rs 54/acre for tobacco in 
Kadigawa's farm and Rs 13/acre for the same crop in Sirimalnaide's farm.
This is because tobacco is a good cash crop.
The M.O.C. for HTs, mechanical weeding for all crops and the 
sensitivity of the M.O.C. to changes in the planting date for the first 
three crops, indicates that the solution provides a staggering of crops, 
such that their labour requirements could be spread over two or three 
weeks.
For Kadigawa's farm, the establishment of the third crop which 
gives a relatively low yield is a sub-optimal technology under mechanical 
weeding (Table 3.7(a)) except for tobacco. The three dwarf castor 
varieties are also sub-optimal technologies. Also, it shows that mechanical 
weeding encourages staggered planting, compared to HTs. This could be 
because the labour released in using NTs lowers the relative opportunity 
costs to the farmer of planting later crops.
For many crops in both farms the M.O.C. of the third and the fourth 
crops is quite substantial. This could be mainly due to the low yield 
incorporated for later planted crops. The M.O.C. of planting a third 
crop of black gram in Kadigawa's farm using HTs is quite high. In this 
week the labour is demanded for weeding the paddy crop and for planting
1 Third crop - The planting of crop have been continued for a period of 
four weeks. The crop that is established in the third week is referred 
to as the third crop.
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chillie and hence the MVP for labour is high thus raising the total 
opportunity cost of planting a third crop of black gram.
In concluding this chapter the following issues could be 
highlighted:
a. Chemical weeding is not accepted in both farms 
indicating that it is a sub optimal technology and 
that further research into this technique is not 
feasible under rainfed farming conditions for 
peasants at this stage.
b. The acceptance of mechanical weeding for up to 
50% of the total area cultivated shows that this 
technology is more valuable, and should therefore 
be actively promoted by rural extension staff.
Research work could also be directed to 
investigating further improvement of this 
technology which is shown to be of economic 
significahce.
c. The dwarf castor variety is shown to be a feasible 
technology specially for farms with low resource 
levels and using recommended input levels.
d. Dairying is indicated to be a labour intensive 
enterprise as it is not specified for farms below 
three labour units. Furthermore, it is not 
specified for the Maha production during which
time more labour is demanded for crop husbandry.
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CHAPTER 4
PARAMATIZATION OF MAJOR RESOURCES
Based on the information acquired from the previous solutions, 
specially regarding the relative scarcity of resources, an attempt is 
made here to investigate the economic effects of resource changes on the 
selection of given new technologies. The most binding resources, land, 
labour and cash are paramatized across the range which occurs among the 
farmers in the area. Two basic models are used for each of the case 
study farms in this analysis.
4.1 Range of Resource Situations Among the Farms in the Area
The range of resource situations for land and labour is studied 
with respect to a base line survey conducted by the Department of Agriculture 
in a village referred to as 'Mahakanumulla'. This village is supposed 
to be representative of the area.^
The model distribution of the land holding sizes based on the 
above survey is detailed in Appendix 9. This shows that 65 per cent 
of the land holdings size is below 3 acres and an additional 20 per cent 
of the holdings are between 3 acres and 5 acres. It should be noted that
1 "After the implementation of the Mahawali Diversion Scheme a considerable 
extent of land in the dry zone will be excluded from the major irrigation 
scheme. Mobilising the available agricultural resources in the parts 
of the dry zone that does not fall within the major irrigation scheme 
is the objective of the Sri Lanka - Canada dry zone project. Here as 
a preliminary step a base line survey was conducted at Mahakanumulla 
which represents a typical purana village in the district." (Department 
of Agriculture 1978.)
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these acreages do not include the common 'chena' land (Figure 1.3). In
fact 95 per cent'*' of the population (Department of Agriculture 1976) do
2practice shifting cultivation and 70 per cent of them (Department of 
Agriculture 1978) cultivate at least a minimum of 3 acres. When one 
considers owned land with this acreage, it is justifiable to assume that 
the minimum cultivated area in this village is at least 4 acres/farm family.
The parametric study on farm holding sizes up to 3 acres with 
minimum (Rs 500/acre) and maximum (Rs 900/acre) cultivation loans (Appendix 
10 ) had no feasible solutions, for both models. This could be attributed 
to the inability to satisfy the household expenditure and consumption 
minima incorporated in the models. Therefore, it should be noted that 
a major category of the holding sizes (Appendix 9 ) had to be omitted
from this study if one excludes shifting cultivation. This result could 
be used as a guideline for the proposed land alienation scheme to settle 
farm families for upland farming under rainfed conditions.
The parametric study of labour availability is also based on the 
above survey (Appendix 10 ). It reveals that 72 per cent of the families 
had between one to five labour units per family, for farming activities. 
When the distribution of the labour force is linked to the distribution 
of the holding sizes owned by the farm families, it appears that the labour 
to land ratio is quite high. In this study, the labour force in farming 
per family is assumed to be highly correlated with the size of the farm 
families. Thus 6 paramatizations are undertaken from one labour unit to 
six labour units so as to cover the full range in the study area.
1 and 2 Half Yearly Report Maha 75/76. Department of Agriculture 1976.
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Whilst land is undoubtedly a scare resource as witnessed by
its high MVP, labour is scarce only at peak periods. In general
cash tends to be scarce at the beginning of the crop year. The above
mentioned survey shows (Appendix 12) that 74.4 per cent of the farmers
had a gross farm income of less than Rs 3000/annum. Thus one could not
expect these families to have a surplus to be used for cultivation at the
beginning of the year. Accordingly, the liquid cash at the beginning
of the cultivation year is assumed to be zero and the only sources of
cash supply considered are: (i) Peoples' Bank"*” cultivation loan
2(Appendix 10); and (ii) Tobacco Cooperation cultivation loan.
Appendix 10 shows that the amount of cultivation loan is a
function of the acreage under each crop and the available range of the
loan could vary from Rs 500/acre to Rs 900/acre. Thus it is necessary
to paramatize the land area along with the cultivation loan.
4.2 Technology Selection and the Optimum Resource Allocation Pattern
Under Different Farm Holding Sizes With Three Different Cultivation 
Loans
All the optimum solutions for different farm sizes are viewed 
in relation to the following aspects and are evaluated for their feasibility 
and superiority with respect to NT selection.
a. Surplus (Rupees).
b. Cropping Program (Acres).
1 The Peoples' Bank is one of the approved banking organizations in Sri 
Lanka through which government funds for cultivation are mobilised.
2 The Tobacco Cooperation is the main institution which provides credit 
facilities for the cultivation of tobacco in the area.
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c. Cropping Index .
2d. Percentage area under NTs.
e. Actual use and marginal value product of the paramatized 
resources.
f. Marginal opportunity cost of sub-optimal technology.
a. Surplus.
The increase in surplus with increase in acreage is quite substan­
tial (Table 4.1) and it appears to increase at a decreasing rate with an 
increase in farm size. With an increase in the cultivation loan, Kadigawa's 
farm model shows a very marginal increase in surplus (Table 4.2) and there is 
no change in surplus for the Sirimalnaide's farm model. This could be 
due to the relative levels of cash inputs used in the two farms.
Sirimalnaide's farm with low cash inputs is not affected by the change in 
cash supply.
b. Cropping program.
With respect to cropping programs all models show that a mix of 
historical and NTs are specified in the optimum solutions of both farms.
This explains the important aspect of NT evaluation. This is particularly 
important as all too often comparison and evaluation of technologies tend 
to be one-sided in that they stress the superiority (or otherwise) of a 
particular technology and appear to implicitly recommend the wholesale 
adoption of one to the exclusion of the other.
1 Cropping Index: Total cropped area in both seasons x 100 Cultivated area of the farm
Area cultivated under NT „ ,^X 1002 Percentage area under NTs: Total area cultivated
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TABLE 4.1
THE EFFECT ON HOUSEHOLD CASH SURPLUS OF INCREASING 
FARM SIZE AND CULTIVATION LOAN
Cultivation Loan (Rupees/Acre) Acreage ________________________________ __________
(Acres) Kadigawa's Farm Model Sirimalnaide's Farm Model
500 700 900 500-900
4 2627.81 2753.15 2875.31 843.95
*3866.65 *3941.48 *3990.22 *1577.67
5 6494.49 6694.63 6865.53 2421.62
*3864.78 *3885.67 *3911.31 *1537.03
6 10359.27 10580.30 10776.84 3958.65
*3602.79 *3597.50 *3571.53 *1483.78
7 13962.06 14177.80 14348.37 5442.43
Note: * Marginal .increase in surplus.
MARGINAL
TABLE 4.2
INCREASE IN HOUSEHOLD CASH SURPLUS 
INCREASE IN CULTIVATION LOAN
WITH
Cultivation Loan Marginal Increase in Surplus (Rupees)
(Rupees/Acre) Kadigawa's Farm Model Sirimalnaide? s Farm Model
4 Acres 6 Acres 4-6 Acres
500 - 600 62.67 114.54 0
600 - 700 62.67 106.57 0
700 - 800 61.36 98.27 0
800 - 900 60.80 98.27 0
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Solutions for the Kadigawa's farm model include a significantly 
increasing trend in cowpea and black gram cultivation in the Yala season, 
(Table 4.3) indicating the profitability of these crops. However, the 
area under NT,( mechanical weeding) for cowpea, decreases and that of black 
gram increases with the increase in acreage under each crop. Perhaps, 
this could be because the reduction in labour use for weeding black gram 
is more than that for cowpea. (Compare Appendix 8 and Table 4.3) For 
the Maha season soya bean and tobacco crops have been specified to be the 
most profitable crops and for similar reasons the mechanical weeding for 
soya bean is more optimum than for tobacco.
The crop selection with increase in farm size using Sirimalnaide's 
farm model shows cowpea and green gram to be the most profitable for the 
Yala season (Table 4.4). Mechanical weeding is largely specified for 
green gram cultivation. In this model too, the profitable crops for the 
Maha season are soya bean and tobacco. The significant difference in 
the crops specified for the two farms in this study is that a crop of 
castor is specified for Sirimalnaide's farm model from holding size of 5 
acres.
The constant acreages of other crops for both models indicate 
that production is mainly to satisfy the minimum requirement levels. 
Kadigawa's farm model specifies two dairy units with 4 acre farm size, 
perhaps because more labour is available to this farm.
c. Cropping index.
The slight increase in the p... cropping index (Table 4.5)
observed in both models could be due to the possibility of cultivating 
more acreage with the labour released by the elimination of one dairy unit.
TABLE 4.3
THE EFFECT ON CROP AND DAIRY ENTERPRISE 
SELECTION OF INCREASING FARM SIZE 
WITH RS 500/ACRE CULTIVATION LOAN 
(KADIGAWA.'-S FARM MODEL)
Activities Levels (Acres)
4 5 6
Yala Season
Cowpea 1.303 2.067 2.882
*0.545 *0.523 *0.339
Green Gram *0.095 *0.095 *0.095
Black Gram 1.585 1.821 2.006
*1.406 *1.445 *1.705
Gingelly *0.017 *0.017 *0.017
Maha Season
Maize 0.048 0.048 0.048
Green Gram 0.011 0.011 0.011
Soya Bean *0.601 *0.836 1.021
*0.991 *0.991 *0.991
Paddy *0.452 *0.452 *0.452
Chillie *0.030 *0.030 *0.030
Tobacco 1.307 2.062 2.882
*0.859 *0.821 *0.821
Cowpea *0.454 *0 .454 *0.454
Dairy
Yala Production 1 unit 1 unit 1 unit
Maha Production 1 unit
"
Note: * Area under mechanical weeding
TABLE 4.4
THE EFFECT ON CFOP AND DAIRY ENTERPRISE 
SELECTION OF INCREASING FARM SIZE 
WITH RS 500/ACRE CULTIVATION LOAN 
(SIRIMALNAIDE'S FARM MODEL)
Activities Levels (Acres)
4 5 6
Yala Season
Cowpea *0.714 0.354 0.854
Green Gram 2.299 2.331 2.124
*1.751 *1.749 *1.749
Gingelly 0.071 0.071 0.071
Maha Season
Soya Bean *1.134 0.635 *0.852
Maize 0.095 0.095 0.095
Chillie 0.049 0.049 0.049
Tobacco *1.051 1.307 1.383
*1.051
Cowpea *0.231 *0.231 *0.231
Green Gram 0.068 0.068 0.068
Paddy *0.370 *0.370 *0.370
Castor - 1.251 1.945
Dairy 1 unit 1 unit 1 unit
Note: * Area under mechanical weeding
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TABLE 4.5
THE EFFECTS ON THE CROPPING INDEX 
AND THE PERCENTAGE AREA UNDER NEW TECHNOLOGY 
OF INCREASING FARM SIZE WITH MINIMUM RURAL BANK LOAN 
(KADIGAWA'S AND SIRIMALNAIDE'S FARMS)
Farm Size Kadigawa's Farm Sirimalnaide's Farm
c.i. a b% Area NTs C.I. a b% Area NTs
4 1.50 72.34 1.52 78.73
5 1.60 54.84 1.60 82.00
6 1.63 47.02 1.66 79.59
Note: a Cropping Index.
b Percentage area under new technologies.
d. Percentage area under NTs.
The decrease in the percentage area under NT could be due to the 
constraint on available implements. In the other farm the increase in
area under NTs with the fifth acre is mainly due to the acceptance of a 
dwarf castor variety.
e. Actual use and marginal value product of the parametized resources.
Land: The MVP or shadow prices denote how the values of land,
labour and cash vary according to the particular supply and demand position 
Table 4.6 shows that the MVP of land attains its highest per acre level 
during the peak planting weeks for the two seasons, that is in weeks 48 
(49) and once more in weeks 10 (11). This is the increase in surplus
which would be generated by the added availability of one acre. At this
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TABLE 4.6
MVP. OF THE MAJOR RESOURCES IN SELECTED WEEKS IN 
THE TWO CASE STUDY FARMS 
(Cultivation Loan = Rs 500/Ac)
Week Kadigawa's Farm Sirimalnaide£ Farm
Number 4 Acres 6 Acres 4 Acres 6 Acres
Land a bCash Land a „ , bCash Land a  ^ , b T , a „ , bCash Land Cash
48 1204 1226
49 1402 2310
40-51 1.734 1.607 1.090 1.09 0
52-07 1.591 1.474 1.000 1.000
10 554 105 97
11 584
09-39 1.000 1.000 1.000 1.000
Note: a Rupees/Acre
b Rupees/Rupee
stage the major limiting factors are labour and cash. The price reaches the 
much higher levels of Rs 2310 (Rs 1226) with an increase in acreage indi­
cating that land addition in week 48 (49) would enable more tobacco and 
soya bean to be cultivated.
Labour: Figures 4.1(b) and 4.2(b) show the MVP of labour for
4 acre and 6 acre farms with respect to the two case study farms. Labour 
attains its highest shadow price per man hour during the peak cultivation 
period in week 43, 44, 45, the weeding period in week 53 and once more in 
weeks 08, 09 and 17, which coincides with the Yala season cultivation 
period. For Sirimalnaide1s farm during the period 16 to 36 weeks 
there is a distinct slack period and MVP for labour is Rs 0/hour.
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However, in this particular case the high 'value' for cash 
seems to be affected by the period of repayment. Figure 4.3(a) shows 
that at the beginning of the cultivation period the total cash available 
even with the minimum cultivation loan is not fully utilized (also see 
Appendix 13) . The reason for not utilizing the full credit is dependent 
on the repayment date (Appendix 14 ) . The first cultivation loan 
borrowed in the 36th week needs to be repaid in the 7th week. But the 
farm has not generated sufficient cash to repay more than a fraction of 
the loan. Thus, basically the problem of this high MVP for cash is 
not the actual amount of loan available but the period of repayment. Thus 
it is to be expected that in such situations the highly cash intensive 
technologies like chemical weeding used in this study are less likely to 
be attractive to the farmers in the early part of the crop year. This 
can be seen by examining the optimal solution of both farms so far 
discussed. None of the farms adopt the NT, chemical weeding, in any of 
the situations considered.
Insufficient cash generation in the solution is due to the 
staggered planting of upland crops. In rice based farms and in irrigated 
farms the harvesting is normally completed by mid February and poses no 
problem with the present credit scheme. Under complete rainfed farming 
conditions the cultivation of crops continues till March and sufficient 
surplus is generated only by this month.
Examination of this problem through parametric programming 
procedures for both farm models (Figure 4.4(b)) shows that increasing the 
repayment period by one month for the minimum cultivation loan (Rs 500/Ac) 
lowers the MVP . from R1.8 to R1.6 per Rupee and increases the overall
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cash surplus by Rs 897.47. In this situation the total available cash 
is fully utilized i.e. all instalments of the Maha cultivation loan. The 
high MVP now indicates an absolute scarcity of cash for the whole 
early part of the cropping year up to week 08. All purchased inputs up to 
this time are very expensive to the farmer. The sharp drop in MVP 
in week 09 (Figure 4.4(b)) is brought about by the fact that the soya 
bean and tobacco sales from the Maha season were specified to take place 
in that week. Thus the proceeds of these sales increases the cash 
available to the farm and the MVP of cash drops, indicating that in the 
subsequent period cash is not an effective constraint holding down the 
utilization of the farmers' productive capacity.
The effect of increasing the level of cash to the maximum 
cultivation loan (Rs 900/Ac) (Figure 4.4(a)) is explored by parametrically 
varying the levels of loan available to the farmer. The results indicate 
that for both models (Figure 4.4(b)) the MVP of cash drops to Rs 1.00, 
indicating that cash is no more a scarce resource. This emphasizes 
the need to take into account also the period of repayment in evaluating 
the efficiency of credit schemes under rainfed farming conditions rather 
than just the amount of cash made available to the farms.
Figure 4.4(a) shows that with the maximum cultivation loan only 
a fraction of the second instalment of the first loan is utilized. The 
other loans are not used at all. But with the minimum cultivation loan
the full Maha season loan is completely utilized. Seventy-five per cent 
of the 1st instalment for the Yala cultivation loan is also used up. The
2nd and 3rd instalments of this loan are not utilized by both farm models.
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This suggests farmers are benefitted more by the first loan than by the 
2nd loan given for Yala cultivation and it is desirable to give a higher 
level of credit in the first instalment than the staggered payments of 3 to 
4 instalments.
f. Marginal opportunity cost of sub-optimal technology.
The M.O.C. of adopting NTs for the major crops are detailed in 
Tables 4.7 and 4.8 for the two farms. The M.O.C. for chemical weeding 
is strikingly high for most crops, except for 1st and 2nd crop tobacco.
In Sirimalnaide1s farm model with a 4 acre farm size the value is very 
close to zero. Tobacco being a good cash crop,the M.O.C. of using 
chemical weeding when the M.O.C. of labour is high is justified by 
specifying it as a sub-optimal technology.
In both farms staggered cultivation of soya bean is favoured 
with an increase in farm size, even with the low yield of the late planted 
crops. With an increase in farm size there is an increase in the M.O.C. 
of labour. Hence crops like soya bean which utilize less labour are 
favoured in the solution.
For Kadigawa's farm model with an increased farm size, the M.O.C.
of the traditional castor variety is substantial. However, the dwarf
castor variety is an optimal technology with an M.O.C. of zero.
4.3 Technology Selection and Optimum Resource Allocation Pattern with 
Changes in Available Labour Units
In the preceding chapter it has been shown that the introduction 
of NTs tends to lower the MVP of labour in certain periods. Primarily, 
this is brought about by the reduction of labour requirements at peak 
periods especially at land preparation and weeding. During the slack period
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labour demand is low and some family labour is idle, the shadow price 
is zero. For Kadigawa.' s farm early in the year, and during intermediate 
periods the shadow price is zero. A tobacco crop with its extended 
drying and bundling along with the dairy units increased the MVP for 
labour in week 24. The land preparation for Maha cultivation in weeks 
33 and 35 is responsible for the rise in MVP during these weeks.
Figure 4.1(a) shows that in Kadigawa's farm model, a substantial 
amount of labour is hired with the 6 acre farm especially during weeding 
(week 53) and planting (week 12). Figure 4.2(a) shows a similar trend 
for the other farm with respect to labour hired. Also, it indicates 
that this farm model uses labour fairly evenly and intensively from the 
40th week to 24th week followed with a distinct slack period.
Cash: The 'value' of cash varies with its supply and demand 
levels at particular periods and is affected by the productive opportunities
I . I
open for the use of cash at such periods. The MVP for cash in both 
farms is quite high between week 40 and week 8. In Figure 4.3(b),
Kadigawa's farm shows a value for cash more than the other farm. In 
general, for most farmers cash tends to be scarce in the early part of 
the crop year until the first crops are harvested and sold; also, the cash 
expenditures during this period may be substantial since land preparation 
and other purchase of seed materials and cultivation activities need to be 
financed. In individual cases the situations differ owing to differences 
in the general resource endowments as well as the nature of the cash flows. 
It is also affected by the level of credit availability, interest rates, 
conditions of repayment etc.
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The impact of NTs on labour use and the MVP of labour depend 
not only on the farmer's own endowment of family labour but also on the 
labour market conditions prevailing in the community. In the models a 
constant wage rate over the year has been assumed which is assumed to be 
the average wage rate for the season. Seasonal and other fluctuations 
in wage rates are likely to affect the choice of optimal technologies and 
the MVP of labour. With this above assumption the issue of technology 
adoption and resource allocation have been studied by parametrically 
varying the labour availability of the farms and some of the implications 
are discussed here in the light of the situations prevailing in the area 
under study in relation to the following aspects:
a. surplus generated;
b. cropping program;
c. Multiple Cropping Index and percentage area under 
NTs; and
d. M.V.P. and actual use of labour.
In this study, each additional labour unit is assumed to be 
equivalent to 42 hours of labour per week. This is the upper limit one 
could expect from a farm labourer. In all computer runs used in this 
study only one resource namely labour has been varied at a time, 
a. Surplus generated.
There is a marked decrease in marginal gains in surplus (Table 4.9) 
with each additional labour unit. For both farms, the drop in surplus 
with the second increment is quite significant. In Kadigawas model it 
assumes a constant marginal gain with the 5th and 6th units. Even though
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TABLE 4.9
THE EFFECT ON SURPLUS GENERATED WITH AN INCREASE IN 
AVAILABLE LABOUR 
(BOTH MODELS)
No. of Labour 
Units
(Man Units)
Kadigawa's Farm Model Sirimalnaide's Farm Model
Surplus
(Rs)
Marginal Increase 
in Surplus (Rs)
Surplus
(Rs)
Marginal Increase 
in Surplus (Rs)
1 4241.07 1272.84
1147.61 754.40
2 5388.68 2027.24
617.83 404.37
3 6006.51 2421.61
330.66 424.25
4 6337.17 2845.86
263.01 401.88
5 6600.18 3247.74
263.83 366.22
6 6863.01 3613.96
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definite conclusions cannot be arrived at from this trend as to the 
optimum number of economically productive labour units for a 5 acre farm, 
it seems that 4 units could be the upper limit, 
b. Cropping program.
As detailed in Table 4.10 with an increase in labour availability 
Kadigawa's farm model shows a significant increase in acreage under cowpea 
and black gram in the Yala season and soya bean and tobacco in the Maha 
season. As noted before, this emphasizes the profitability of cultivating 
these crops under rainfed conditions. With an increase in farm size more 
acreage under NT (mechanical weeding) is recommended for black gram. But 
with an increase in labour availability more acreage under the same tech­
nology is recommended for cowpea. Under these two situations the M.O.C. 
for labour is different. Thus when the M.O.C. for labour is high, crops 
like black gram which consume less labour are more favoured.
The number of dairy units specified seems to be correlated with 
the supply of labour. No dairy enterprise is included in the optimum 
solutions with up to 3 units of labour. With the 4th and 5th units, one 
dairy unit for Yala production is specified. With the 6th labour unit 
two dairy units for the two seasons' production are accepted. This 
emphasizes that dairying is a profitable venture with high labour availability.
No. of Labour Units No. of Dairy Units
1 - 3  0
4 - 5  1
6 2
Also, it is quite feasible to accept the dairy enterprise for the Yala season 
production under peasant farming, where high risk and uncertainty
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TABLE 4.10
THE EFFECT ON CROP AND DAIRY ENTERPRISE SELECTION 
WITH AN INCREASE IN LABOUR AVAILABILITY 
(KADIGAWA’S FARM MODEL)
Acreage Under Each Crop 
(Acres)
Activity 1 L, a.U. 3 L. u . a 6 L.U.a
bH.T. cM.W. bH.T. cM.W. H.T..b M.W.°
Yala Season
Cowpea 1.521 0.038 1.540 0.444 1.666 0.984
Green Gram - 0.095 - 0.095 - 0.095
Black Gram 0.084 2.244 0.312 1.592 1.046 0.687
Gingelly
i ,
0.017 - 0.017 - 0.017
Maha Season
Green Gram - 0.111 - 0.111 - 0.111
Soya Bean 0.152 1.024 0.701 0.219 - 0.750
Paddy - 0.452 - 0.452 - 0.452
Tobacco 0.849 0.710
0.849d
0.170 0.814 1.289 0.866
Cowpea 0.454 0.454 0.454
Maize 0.048 0.048 0.048
Chillie 0.030 0.030 0.030
Dairy
)
Yala - - 1 Unit
Maha - - 1 Unit
a L.U. = Labour Units
b H.T. = Historical Technology
c M.W. = Mechanical Weeding
d Chemical Weeding
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of weather prevails. In the Maha season crops like tobacco, which is 
comparatively more labour intensive, is indicated to be more profitable 
than dairying.
For the Sirimalnaide's farm model the green gram and dwarf castor 
varieties are the profitable crops for Yala cultivation (Table 4.11).
Yala cowpea production is completely eliminated with the extended castor 
cultivation.
c. Multiple cropping index and percentage area under NTs.
These two aspects are detailed in Table 4.12 and are very much 
similar to the observation made in the parametric study for farm holding 
sizes. Sirimalnaide ' s farm model has a higher percentage of area under 
NTs mainly because of the dwarf castor variety specified in the solutions.
d. Marginal value productivities and actual use of labour.
Land: As mentioned earlier the MVP or shadow price varies
with the supply and demand for it at particular time periods and is 
affected by the productive opportunities open to each of the resources at 
each period. Table 4.13 shows the MVP . for land and cash in some 
selected weeks for the two farms. The MVP . for land attained is at its 
highest per acre level during week 48 (49) and once more in week 10 (11).
An increasing trend in the surplus which would be generated by the added 
availability of labour is emphasized in both farms. This situation is 
very much similar to the observation made with respect to an increase in 
farm holding size.
A decreasing trend in MVP for cash is observed with an increase 
in labour units. This could be due to the elimination of hired labour
which provides excess cash in the solutions.
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TABLE 4.11
THE EFFECT ON CROP AND DAIRY ENTERPRISE SELECTION 
WITH AN INCREASE IN LABOUR AVAILABILITY 
(SIRIMALNAIDE'S FARM MODEL)
Acreage Under Each Crop (Acres)
Activity 1 L.U.a 4 L.U.a 6 L.U.a
bH.T. cM.W. H.T.b cM.W. bH.T. cM.W.
Yala Season
Cowpea 0.267 1.016 0.112 0 0.112 0
Gingelly 0.071 - 0.071 - 0.071
Green Gram - 1.827 1.133 1.749 1.455 1.749
Castor 0. 726 0.922 0 .610
Maha Season
Green Gram - 0.068 - 0.068 - 0.068
Soya Bean - 1.166 - 0.848 0.213 1.116
Tobacco - 1.130 0.383 0.951 0.211 0.983
Paddy - 0.370 - 0.370 - 0.370
Cowpea - 0.230 - 0.230 - 0.230
Dairy
Yala - 1 Unit 1 Unit
Notes: a Labour Units
b Historical Technology 
c Mechanical Weeding
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TABLE 4.12
THE EFFECTS ON MULTIPLE CROPPING INDEX AND PERCENTAGE AREA
UNDER NTs OF INCREASING AVAILABLE LABOUR
No. of Labour 
Units
Kadigawa 1s Farm Sirimalnaide ' s Farm
M.C.I.a b% Area NTs M.C.I. % Area NTs
1 1.60 75.36 1.44 96.25
2 1.60 55.12 1.36 88.58
3 1.60 50.43 1.35 84.00
4 1.60 50.01 1.41 76.04
5 1.60 50.84 1.42 75.95
6 1.60 52.51 1.48 73.04
Notes: a Multiple Cropping Index
b Percentage Area Under New Technologies
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TABLE 4.13
MVP FOR LAND AND CASH IN SOME 
SELECTED WEEKS TO BOTH MODELS
No. of Labour 
Units
Kadigawa's Farm Model Sirimalnaide's Farm Model
1 3 6 1 3 6
Wk. Number Rupees/Acre Rupees/Acre
1. Land
48 1125 2052 2255
49 1550 2222 2304
10 581 578 587
12 112 417 213
2. Cash
40 - 51 2.18 1.71 1.70 1.81 1.09
40 - 04 1.19
52 - 07 1.53 1.56 1.51 1.66 1.00
05 - 24 1.09
08 - 09 1.00 1.00 1.00 1.00 1.00
25 39 1.00
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Labour: Both models with one labour unit (Figures 4.5(a) and
4.6(a)) show that a substantial amount of labour is hired throughout 
the two cultivation seasons and correspondingly the MVP ' for family 
labour (Figures 4.5(b) and 4.6(b)) is fairly high and seems to remain so 
up to about the 28th week for the first two labour units.
With the increase in labour availability the drop in MVP, espe­
cially from week 42 to week 07, is quite significant. In contrast to 
Sirimalnaide’s farm model the other farm does not have a sharp slack 
period and this situation is discussed in Section 4.2.
With the 4th labour unit for Kadigawa! s farm model the slack 
period is eliminated, ( Figure 4.7(a)). This could be due to the dairy 
enterprise included in the optimum solution. In Sirimalnaide's farm 
model there is a distinct slack period throughout the range studied.
With respect to both farm models with 4 labour units the labour 
hired during the peak period is negligible (Figure 4.7 and 4.8(a)). Also 
the increase in surplus after the 4th unit could be considered insignificant. 
This emphasizes the optimality of 4 labour units in using NTs for a 5 acre 
allotment with at least one dairy unit.
Despite the complex nature of these actual farm models, the 
detailed study of the solutions provide important insights into the manner 
in which the choice of technologies interacts with the resource base.
In an attempt to draw conclusions regarding the appropriateness 
of new technologies and their relationship to the typology of the two farms 
the following could be highlighted:
a. A farm holding size of below 3 acres is insufficient 
to satisfy the requirement of an average farm family
under rainfed conditions.
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It is profitable to cultivate cowpea and tobacco 
in the Yala season and soya bean and tobacco in 
the Maha season using mechanical weeding.
The use of chemical weeding is not desirable for 
all the farm situations studied.
The introduction of a dwarf castor variety under 
rainfed conditions could be recommended to even out 
the income of the farms.
The current cultivation loan scheme is adequate 
under the situations studied but extending 
repayment of the first instalment of the Maha 
cultivation loan is advocated.
Dairying is desirable for farms in the high labour 
component and four labour units could be the
optimal labour requirement for a 5 acre farm.
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CHAPTER 5
YIELD AND WEATHER VARIABILITY:
A RISK AND UNCERTAINTY ANALYSIS
Having dealt with technology selection and related aspects under 
varying farm holding sizes as well as labour availabilities, this chapter 
is devoted to studying the effects of the variation of output coefficients 
and the date of planting in the two case study farms. The date of 
planting is studied on the basis of variation of rainfall observed within 
the period of three years. This is a very important aspect under rainfed 
fanning because in practice the vagaries of weather could vary the economic 
outcome of using a given technology.
5.1 Effect of Yield Variation on Technology Selection
The labour input for crop production under NTs is judged to be 
lower than for historical technologies. This characteristic associated 
with NTs can be accounted for as a major reason for it being incorporated 
in the optimal farm plan. To assess the effect of yield on the selection 
of the optimal technology proportionate yield differences of - 25% of the 
actual yield were simulated for the major crops of the two farms.
Crop responses depend mainly on climate, soil, input levels and 
many other factors. The modal distribution of the crop responses observed 
in the 18 farm families during the 3 year period are detailed in Appendix 
15. The two case study farms differ widely and represent the two extremes 
for many crops. The 25% variation from the average yield could be expected
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to occur quite frequently without changes in input levels.
The major crops considered for parametric programming for the 
Kadigawas' farm are:
a. Cowpea, black gram among the Yala season crops.
b. Tobacco, soya bean among the Maha season crops.
c. Dwarf castor variety - this is considered to be
an important industrial crop to even out income. It is 
specified as a sub-optimal technology (Table 3.7 
and Table 4.7) in most of the previous solutions.
Here an attempt is made to study the
effects with changes in yield by including dwarf 
castor variety along with the major crops.
The major crops considered in Sirimalnaide's farm are cowpea and 
green gram among the Yala crops, and soya bean, tobacco and castor among 
the Maha season crops. The above crops are selected mainly on the basis 
of the variation observed in previous paramatization studies and also on the 
farmer's actual crop responses in the project.
5.1.1 With 25% Decrease in Yield in Kadigawa's Farm Model
Table 5.1 details the criteria used in discussing the variation 
in yield of major crops for both farms. The decrease in surplus generated 
is quite substantial. With a decrease in yield of cowpea and black gram 
there is a significant increase in acreage under green gram. Mechanical 
weeding is mainly specified for the cultivation of this crop. Cultivation 
of black gram is totally eliminated. This indicates the sensitivity of 
these crops to yield variations, and it is evident that green gram
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cultivation could give substantial income when major crops are affected.
A similar change is observed in the Maha season cropping program. 
Cultivation of the chillie crop has significantly increased in acreage 
while the soya bean crop is totally eliminated. Mechanical weeding is 
specified for nearly half of the area under chillie cultivation. In 
real life, the cultivation of green gram and chillie is, to a certain 
extent, considered profitable by the farmers in this area. The insen­
sitivity of the other crops such as gingelly and maize emphasizes the 
unprofitability of cultivating these crops. However, subsistence 
farmers continue to cultivate small acreages to satisfy their home con­
sumption requirements.
5.1.2 With 25% Increase in Yield in Kadigawa's Farm
A substantial increase in surplus is observed (Table 5.1) when 
yield is increased by 25% on Kadigawa's farm. The cropping program 
indicates that increasing the yields of major crops has caused a decrease 
in the cultivation of green gram and chillie to the level required to 
satisfy the consumption minima simulated in the model. Very much 
similar to the normal situation, mechanical weeding is specified mainly 
for black gram and tobacco cultivation. Furthermore, even with an 
increase in yield of 25% the castor crop (dwarf variety) is still a sub- 
optimal technology for this farm.
In both solutions [- 25%) one dairy unit is specified. However, 
with a decrease in yield it is specified for the Maha production and with 
yield increases it is specified for the Yala production. This could be 
mainly due to the constraint on labour in the two periods because of 
different crop combinations.
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The multiple cropping index for the two situations is observed 
to be the same (Table 5.1) but the area under NTs varies considerably.
This could be attributed to the increase in acreage under green gram and 
chillies. Use of mechanical weeding is more profitable as there is a 
greater reduction in labour and hence a greater area is cultivated under 
NT.
Percentage family labour usage and family labour availability^ 
in Table 5.2 indicate that labour is more intensively used in the first 
and the third periods for the two situations respectively. The two 
dairy units specified for two seasons could be the major course along 
with the crop combination.
The MVP of land (Table 5.3) in week 49 and week 12 has risen 
significantly. This indicates the possibility of generating an additional 
surplus by cultivating chillie (-25%) and tobacco (+25%) in the Maha 
season - similarly green gram (-25%) and black gram (+25%) in the Yala 
season. The MVP for cash is quite high with the increase in yield 
(Figure 6.1), perhaps due to the high cash requirements of tobacco 
cultivation.
5.1.3 Variation of Yield of 25% (-) on Major Crops in 
Sirimalnaide*s Farm
With respect to the surplus generated, the trend observed is very 
much similar to that of the previous farm (Table 5.1). With a decrease 
in yield, cowpea mainly under mechanical weeding is the most profitable
1 Percentage family labour usage Family labour used Family labour available
Labour hired
X 100
Percentage family labour 
availability Family labour available X 100
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crop. With an increase in yield the green gram crop (Table 5.1) is 
specified to be the most profitable. This could be because green gram 
is a better cash crop than cowpea (Appendix 7 ). For Maha cultivation
with a yield reduction, chillie is specified for a higher acreage under 
mechanical weeding. The change in acreage under castor (dwarf variety) 
in the two situations emphasizes that it is a profitable crop for low
yield farms as the acreage tends to increase with decreases in yield.
As observed in Kadigawa's farm, the insensitivity of crops like
gingelly, paddy and maize shows the unprofitability of cultivating these 
crops.
The high values for percentage family labour usage and family 
labour availability (Table 5.2 ) with an increase in yield for the period 
06-22 weeks are perhaps due to the increase in acreage under tobacco 
which is a labour intensive crop. The low value for the period 23-39 
is mainly due to the decrease in acreage under castor.
Table 5.3 shows the MVP of land in the two situations to be 
highest in week 48 for Maha cultivation and week 11 for Yala cultivation. 
These values for the two seasons are due to the possibility of generating 
an additional surplus by cultivating a crop of tobacco (48th week) and 
cowpea or green gram in the Yala season respectively. Similar to the 
other farm the MVP for cash increases with an increase in yield. This 
is because the greater acreage under tobacco requires more cash, thus 
raising the shadow price for cash.
5.1.4 Costs of Adopting Sub-Optimal Technologies (Marginal 
Opportunity Cost, M.O.C.)
As already indicated, the extra or marginal opportunity costs of
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TABLE 5.2
LABOUR USAGE WITH PROPORTIONATE CHANGES IN YIELD
Week No.
-25% +25% -25% +25%
a bF.L.U. F.L.A. F.L.U . F.L.A. F.L.U. F.L.A. F.L.U.. F.L.A.
40 - 05 0.783 0 0.564 0.002 0.954 0 0.973 0
06 - 22 0.515 0 0.501 0 0.683 0.002 0.766 0.106
23 - 39 0.306 0 0.679 0 0.467 0 0.227 0
Notes: a Family Labour Usage
b Family Labour Availability
TABLE 5.3
MARGINAL VALUE PRODUCTIVITIES FOR 
LAND (RUPEES/ACRE) WITH - 25% CHANGE IN ACTUAL YIELD 
(FOR MAJOR CROPS)
Marginal Value Productivity
Week No. Kadigawa's Farm Sirimalnaide1's Farm
-25% +25% -25% +25%
48 1117 1602
49 1947 3152
11 175 272
12 526 743
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including sub-optimal activities are part of the information given by 
the linear program in presenting its optimal solution. The M.O.C. of 
various technologies used in this study for the two situations are 
detailed in Tables 5.4 and 5.5 for the two case study farms.
situations (Table 5.4) for the Kadigawa's farm, the M.O.C. is Rs 0/Acre. 
With a decrease in yield the black gram crop under NT and HT has a M.O.C. 
of 0. Also, the first crop of soya bean under HT and NT are sub- 
optimal technologies. However, tobacco cannot be considered as a sub- 
optimal activity except for the first crop under NT.
of chillie both under HT and NT may be considered as a sub-optimal 
activity as the ratio is close to 0.
For all crops chemical weeding shows a high M.O.C. except for 
tobacco. This could be mainly due to the high price of cash at the 
beginning of the cultivation year. For this farm all plantings of dwarf 
castor variety are a sub-optimal activity.
For the Jirimalnaide'£ farm (Table 5.5) also, all activities 
specified as optimum for the normal yield situation become sub-optimal 
activities under yield variations. For example, the first two crops
of cowpea under mechanical weeding are sub-optimal activities . Also, 
as observed in the other farm chemical weeding is shown to have a high 
M.O.C. for all crops. With a yield decrease the cowpea Yala crop has a 
M.O.C. of zero for all its plantings. All the other crops tend to have 
a high M.O.C. for the third week planting and could be due to the low
For those technologies specified as optimum in normal yield
With an increase in yield in Kadigawa's farm, the first crop
yield associated with late planting.
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The analysis of the effects of yield variation highlights the 
following:
a. Variation in yield within 25% for the major crops 
could affect income quite substantially.
b. Green gram in the Yala season, and chillie in the 
Maha season are profitable crops under NT with a 
decrease in yield.
c. Crops like gingelly, paddy, maize are low income 
crops within the range studied.
d. Castor (dwarf variety) is a sub-optimal activity for 
farms with a high level of management.
5.2 Effect of Rainfall Variation on Technology Selection
The yield variations could largely depend on the input levels, 
managerial levels and also to a great degree on climatic factors 
specially the rainfall, which could even delay the planting of crops.
This could eliminate cultivation of many crops totally or partially.
This is a very important aspect in rainfed farming because in practice 
the alterations in climatic and other physical factors vary the economic 
outcome of using a specific technology. The farmer through experience 
is well aware of these variables which influence his decision making 
with respect to risk aversion and the sequential stochastic decision 
making process. Rainfed farming is considered a highly risky venture.
As explained by Todaro (1978) the degree of risk aversion depends largely 
on the level of subsistence. The greater the expected variability in 
outcome is around a given expected average net return from a particular 
technology, the less likely it is that the farmer will decide to adopt it.
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Secondly, the relative economic benefits in adopting a particular 
technology will differ according to the circumstances that eventuate 
over time. With the labour available, mechanical weeding could be a 
profitable technology for establishing crops. Under unforseen 
circumstances such as a delay in rainfall resorting to chemical weeding 
to establish a cash crop like tobacco in time could be profitable. This 
variability involves sequentially stochastic decision making on the part 
of the farmer, according to the conditions that prevail.
In particular when the normal pattern of rainfall fails to 
eventuate as expected, farmers are reluctant to use much cash input. 
Inability to establish a crop under the normal rainfall pattern results 
in a low response even under good managerial levels. The variation in 
rainfall exerts undue moisture stress throughout the plant growth period 
resulting in low crop yields. Use of short maturing drought resistant 
varieties could be one way of overcoming such problems.
In comparison to irrigated farming, the permissible time period 
for establishing a successful crop is very limited when farming under 
monsoonal rains.
Weekly rainfall data for the period 1973 to 1975 (Tables 5.6/ a, 
b, and c) shows that 1973 Yala season cultivation and Maha season 
cultivation could be delayed by two to three weeks. Lack of rain in 
March, October and the first half of November (the planting months to 
be considered) could delay planting by at least 2 weeks. 1974
rainfall figures indicate that one week planting of all crops could be 
affected in both seasons. The latter half of March and the early part 
of October are relatively dry for crop establishment. 1975 figures
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TABLE 5.6 a
RAINFALL DATA - YEAR 1973 
(Inches)
JAN FEB MAR APR MAY ,JUN JUL AUG SEPT ■OCT NOV DEC
1 0 0 0.12 0.14 0 0 0 0 0 0 0 0
2 0 0 0.48 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0.68 0 0 0 0 0 0 0.01 0
5 0 0 0 0.09 0 0 0 0 0 0 0 0.34
6 0 0 0 0.04 0.01 0 0 0 0 0 0 0.02
7 0.02 0 0 0 0 0 0.17 0 0 0.01 0.34 0
8 0 0 0 0.16 0 0.03 0.16 0 0 0.03 0.66 0.31
9 0 0 0 0.95 0 0 0 0 0 0 0 0.02
10 0 0 0 1.36 0 0 0 0 0.03 0 0 1.06
11 0 0 0.03 0.03 0 0 0.01 0.23 0 0 0 1.95
12 0 0.08 0 1.72 0 0 0 0 0.03 0 0 0.08
13 0 0 0 0 0.05 0 0 0 5.86 0 0 0
14 0 0 0 0 0 0 0 0 1.15 0 0 0
15 0 0 0 0.11 0.17 0 0 0.03 0.07 0 0.05 0
16 0 0 0 2.87 0 0 0 0.01 0.07 0 0 0
17 0 0 0 0 0.02 0 0 0 0.13 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 1.59 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 . 01- 0 0 0 0.08 0 0 0
22 0 0 0 2.11 0.01 0 0 0 0.53 0 0.35 0.02
23 0 0 0 0 0.09 0 0 0 0.03 0 0.57 0.06
24 0 0 0 0 0.23 0 0 0 0 0 0.58 0.09
25 0 2.14 0.19 0.17 0 0 0 0 0 0 1.30 0.66
26 0 0 0 0 0.05 0 0 0 0 0.76 0 0.05
27 0 0.87 0.12 0 0.42 0 0 0 0 0 0 0.19
28 0 0.76i 0 0 0.10 0 0 0 0 0 0 1.97
29 0 - 0 0 0.02 0 0 0 0 0.34 0.03 0.04
30 0 - 0.07 0 0 0 0 0 0.06 0 0 0
31 0 - 0.49 - 0 - 0.01 0 - 0 - 0
TOTAL 0.02 3.85i 1.50 10.43 2.70 0.025 0.35 0.27 8.04 1.14 3.89 6.86
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TABLE 5.6 b
RAINFALL DATA - YEAR 1974 
(Inches)
JAN FEB MAR APR MAY JUN JUL AUG :SEPT OCT NOV DEC
1 0 0 0.44 0 0 0 0 0 0 0 0.30 0
2 0.03 0 0.16 0.74 0 0 0 0 0 0 0.08 0
3 0 0.17 0.64 0 0 0 0 0 0 0 0.04 0
4 0.01 0.76 0.50 0 0 0.10 0 0 0 0.63 0 0.06
5 0 0 1.29 0 0 0.44 0 0 0 0 0.01 0.15
6 0 0 0.90 1.70 0 0.03 0 0 0 0 0.04 1.24
7 0 0 0.33 0.69 0 0 0 0 0 0 0.14 0.92
8 0 0 0 0.13 0 0 0 0 0 0 1.22 0
9 0 0 0 0 0 0 0 0 0 0.04 0.15 0
10 0 0 0 0.08 0 0 0 0.05 0 0 0.09 0
11 0 0 0.28 1.10 0 0 0.17 0.01 0 0 0.04 0
12 0 0 0 0.41 0 0 0 0 0 0 0.01 0.11
13 0 0 0 0 0 0 0 0 0 1.00 0.17 0
14 0 0 0.11 0 0 0 0 0 0.01 0.02 0.03 0.68
15 0 0 0 0 0 0.02 0 0 0.48 0 0.12 0.45
16 0.04 0 0 1.26 0 0 0 0 0 0 0.78 0.35
17 0 0 0 0 0 0 0 0 0.11 0 2.04 0.25
18 0.55 0 0 0 0 0 0.04 0 0.01 0.05 0.59 0.46
19 0. 36 0 0 0 0 0 0.07 0 0 0 0.04 0.50
20 0.25 0 0.01 0.07 0 0 1.64 1.23 0.03 0 0.98 0
21 0 0 0 0 0 0 0 0.02 1.05 0.86 0.20 0
22 0 0.01 0 0.14 0 0 1.00 0 0 0.17 0.30 0.12
23 0.05 0.06 0 0.15 0 0 0.13 0 0 0.22 0.43 0.11
24 0.56 0 0 0.18 5.1]. 0 0.33 0 0.02 1.09 0.07 0
25 0.50 0 0 0 0 0 0 1.18 0.24 0.43 0.09 0
26 0.03 0 0 0.01 o.o:> 0 0 0 0 0.06 0.16 0
27 0 0 0 0.85 0 0 0 0 0 0.07 0.03 0
28 0 0.04 0 2.87 0.0E} 0.01 0 0 0 0.05 0 0.13
29 0 - 0 0.04 0 0 0 0 0 0.31 0 0.05
30 0 - 0 0 0 0 0 0 0 0.22 0 0
31 0 - 0 - 0 - 0 0.05 - 0.03 - 0
TOTAL 2.38 1.04 4.66 10.42 5.21 0.60 3.381 2.54 1.95 5.24 8.15 5.58
TABLE 5.6 c
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RAINFALL DATA - YEAR 1975 
(Inches)
JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC
1 0 0 0 1.57 0 0 0 0 0 0.04 0.97 0.88
2 0 0 0 1.99 0 0 0.01 0 0 0 0.47 0.16
3 0 0 0 0.37 0 0 0 0 0 0.34 0.09 0.06
4 0 0 0 0 0 0 0.02 0 0 0 0 0.31
5 0.04 0 0 0 0 0 0 0.10 0 0 0.06 0.11
6 0 0 0 0 0 0 0 0 0 0.06 1.46 0.33
7 0 0 0 0.04 0 0 0 0 0 0 0.06 0
8 0 0 0 0.15 0 0 0 0 0 4.62 0 0
9 0.08 0 0 0.83 0 0 0 0 0 0.48 0.03 0.11
10 0.03 0 0 0 0 0 0 0 0 0 1.62 0
11 0 0 0 1.72 0 0 0 0 0 0.37 0.14 0.01
12 0.01 0 0 0 0 0 0 0 0 0.15 1.31 0.66
13 0 0 0 0 0 0 0.01 0 c 0.55 0.02 0
14 O' 0 0 1.20 0 0 0 0 0 1.11 0.36 0.02
15 0 0 0 0.34 0 0 0.10 0 0 1.69 0.05 0
16 0 0 0 0.43 0 0 0 0 0 0 0.10 0.55
17 0 0 0 0.08 0 0 0 0 0 0.33 0.21 1.34
18 0 0 0 0 0 0 0 0 0 0 1.18 0
19 0 0 0 0 0 0 0 0 0 0.02 0.63 0.01
20 0 0 0 0 0 0 0 0 0 0 0.01 1.10
21 0 0 0 0.15 0 0 0 0 0 0 0.29 1.99
22 0 0 0 1.00 0 0 0 0 0 0 0.01 0.03
23 c 0 0 0 0 0 0 0.01 0 0 0.42 0.02
24 0 0 0 0.21 0 0 0 0.01 0 0 0.26 0.27
25 0 0 0 0.87 0 0 0 0 0 0 0.93 0.61
26 0 0 0 0 0 0 0 0.03 0 0 0.10 0
27 0 0 0 0.15 0 0 0 0.04 0 0 0.42 0
28 0.09 0 0.60 0 0 0 0 0 0 0 0.24 0
29 0.37 0 0.46 0 0 0 0 0 0 0.14 0.04 0
30 0.02 - 0.09 0 0 0 0 0 1.78 0 1.94 0
31 0 - 1.78 - 0 - 0 0 - 1.25 - 0
TOTAL 0.64 0 2.53 11.10 0 0 0.14 0.19 1.78 11.15 12.46 8.57
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show that the Yala crop could be delayed by 2 weeks. Thus in the absence 
of data for a thorough study of rainfall variation common to the area, 
this study considers that the permissible time period for earliest 
planting could vary within a limit of 3 weeks for all crops. In actual 
practice for the two case study farms the earliest and latest planting 
observed varied mainly within 3 weeks. A few crops were extended to the 
4th week of planting, but that is considered to be very late.
In constructing the historical vectors, the late planting crops 
are included with the corresponding yields. These yields are much lower 
than those of the timely cultivated crops (Table 2.5). The use of 
historical data helped to achieve a more realistic portrayal of the actual 
farming conditions simulated in the model. This study is limited to 2 
rainfall patterns affecting planting of crops within a period of 3 weeks.
The effects are studied with respect to some of the selected farming 
situations in the area. These two case study farm models are used as the 
basic models.
5.2.1 Two Monsoonal Rains Affecting the Planting of All Crops 
in the First Week
This condition is simulated by deleting all crop vectors that are 
planted within the first week of planting. With respect to different 
land holding sizes using Kadigawa's farm model (Table 5.7), a considerable 
decrease in the surplus generated was observed. (Table 4.1 and 5.7.)
However, the surplus generated is quite substantial. The trend in the
cropping program and NT selection is very much similar to the solution of 
the timely cultivated cropping program. The cropping index is also observed 
to be the same. However, the reduction in area under NT is quite significant 
(Tables 4.5 and 5.7). This could be mainly due to the constraint on 
available mechanical weeding implements.
With respect to different labour availabilities (Table 5.8), the
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reduction in surplus generated is considerable when compared to the 
normal situation. (Table 4.9 and 5.8.) Anyhow, crops planted one 
week late have generated sufficient surplus. The cropping index and 
area under NT indicates a very much similar trend to that of the normal 
situation. (Tables 4.12 and 5.8.)
Considering, the Sirimalnaide's farm model it becomes evident 
from Table 5.9 that the surplus generated from a 4 acre farm is very 
marginal. Small variations in yield could have completely wiped out 
the surplus observed. This emphasizes the importance of strict timing 
of cultivation for this type of farm model with low crop responses, 
cropping program, cropping index and the area under NTs observed show 
similar trends to that of the normal situation and hence are not discussed 
in detail here.
With respect to labour availabilities (Table 5.10), farms with 
low labour availabilities, indicates a surplus which could be considered 
marginal, specially with 1 labour unit. Thus, in such a situation 
vagaries of the weather play an important role in the survival of peasant 
families. The other criterion shows a similar trend to that of the 
other farm and hence is not treated in detail in this study.
5.2.2 Monsoonal Rains Affecting the Planting of all by 2 Weeks
This condition is simulated by deleting all crop vectors that 
are planted within the first two weeks of planting. The rainfall within 
the first two weeks of planting is important from the point of view of 
crop establishment. Also rainfall at various stages of development 
could have an important bearing on the yield. Thus, the limitation of
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this study by considering only the rainfall at planting time is realized, 
but in the absence of proper data study is confined only to the planting 
time.
Results of this parametric study showed that there is no feasible 
solution for both farm situations. Planting after 2 weeks (15 days) or 
rainfall affecting the first two weeks planted crops could not support 
the consumption minima and the household expenditure simulated in the two 
models. Thus, the farmers' attitude towards rainfed farming as a highly 
risky venture is supported by the evidence from this model.
Finally, in general the results emphasize the importance of 
timely cultivation under rainfed conditions, and the importance of rainfall 
distribution. Even though planting within 1 week delay could support the 
family requirements simulated in the models, the surplus generated suffers 
quite significantly.
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CHAPTER 6
SUMMARY, CONCLUSIONS AND IMPLICATIONS
This study aims to assess the economic benefits of new 
technologies (NTs) developed to improve the efficiency of rainfed farming 
in a range of practical farming situations in the dry zone of Sri Lanka.
This investigation covers crop and animal husbandry activities common to 
the area. As timing of cultivation practices is regarded to be the key 
factor in the success of rainfed farming, the new technologies include 
devices to facilitate cultivation practices at peak periods mainly by labour 
reducing techniques in land preparation and weeding. A new variety of 
castor is included, which is considered to improve the financial situation 
during the off periods. The castor crop which is harvested during the non 
productive periods helps to even out the income availability of the peasant 
farms.
A whole farm approach was used by means of a Linear Programming 
(LP) technique. Essentially, it treats the farm household as an integrated 
production-consumption unit and looks at resource allocation in the whole 
farm context in trying to improve farm production and income. The Linear
Programming technique was used to generate optimal farm plans specifying 
combinations of crop production techniques and allocation of resource 
restrictions.
A case study approach of selecting two farms with different resource 
levels is used in this study. These two farms representing either end of 
the resource levels were selected from a rainfed project conducted in Sri
Lanka.
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The best farm is selected to study the possibilities for improving 
such farms endowed with more labour and better managerial abilities. The 
poorest farmer of course is important, with a view to studying the impedi­
ments and ways of improving such farms.
Individual farm models were built incorporating the important 
factors relevant to their decision making environment. The model treats 
the farm as a whole entity and analyses resource allocation over the period 
of a single crop year. This year comprises 52 (weekly) periods. All 
methods of crop and dairy production, which differ in any characteristic 
such as crop variety, level of input, planting data, milking periods, etc. 
are specified as different 'activity vectors' for modelling purposes.
These are appropriately included as options facing the farmer.
In a general assessment of the impact of the introduction of new 
technologies two situations were compared. These were the 'historical' 
situation in which only historical technology (HT) vectors were considered, 
and the new situation where all the appropriate new technologies (NTs) were 
treated as a package of NTs and included in the farmer's options.
The following generalisations could be deduced from the results
obtained:
First, a technology which uses lower levels of resources (labour) 
with very low cash inputs 'dominates' the presently used technologies (HTs). 
Its adoption is common and will lead to low levels of labour hiring and 
other economic gains. However, the perception of farmers may lead to 
situations where HTs may still be preferred when cash requirements are 
relatively high. Chemical weeding which involves more cash did not figure
)
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in any of the optimum solutions studied. Also, the adoption of a dwarf 
castor variety is specified for the farms with low levels of management 
but not for the others. This reflects the differential impact of NTs 
on different types of farm.
Second, both models show that after the introduction of NTs a 
mix of HTs and NTs are specified in the optimum solutions. This emphasizes 
the complementarities that exist between different technologies. This is 
particularly important as all too often comparison and evaluation of 
technologies tends to be one sided in that the superiority (or otherwise) 
of a particular technology is stressed and the implicit recommendation of 
wholesale adoption of one to the exclusion of the other(s).
Third, whilst mechanical weeding is quite important in the solution 
chemical weeding for high cash crops are close to entering it by virtue 
of their low M.O.C. This is largely because the high use of cash at 
planting is compensated for by the higher revenue at harvesting, thus 
reducing its total opportunity costs to the farmer. A study of the crops 
with an M.O.C. of zero emphasizes two important aspects:
a. The dwarf castor variety is always a sub-optimal 
technology for farms with a high level of management; and
b. the solution provides a staggering of crops, such 
that their labour resource requirements in 
particular complement one another.
Fourth, the MVP . of family labour is lowered at peak periods.
This is more evident in farms with less labour endowment. It was observed
that the M.V.P. of family labour with NTs is never above the average wage
120
rate in the area. During the slack period it is almost zero per hour. 
However, with the high demand for labour during peak periods, labour 
saving technologies are very attractive so that some family labour could 
be released to other profit improving activities. This depends on the 
degree to which this would be profitable and the farirt's endowment of 
family labour. A farm with a high labour/land ratio would find less 
need of these NTs.
Fifth, the issues of technology adoption and resource allocation 
have been studied under different resource situations by parametric 
programming. This is undertaken by varying the major resources of land, 
labour and cash of the case study farms to that of the situation in the 
study area. The conclusions to be drawn are:
a. Farm holding sizes up to 3 acres were found to be 
insufficient to support an average peasant family.
An increase of land area beyond 3 acres had a 
differential impact on the individual farms. The 
increase in farm size had a higher marginal gain 
in surplus generated with the farms endowed with 
more labour. Also, with the increase in farm size 
there was a reduction in the size of the dairy 
enterprise. This indicates the labour constraint 
in big farms. Certain crops like cowpea and soya 
bean were indicated to be more desirable to 
cultivate under mechanical weeding than the others, 
when labour is a constraint. The scarcity of land 
was felt somewhat more by the crop responsive farms 
as shown by the high M.V.P. of land.
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b. Similarly, changes in the available labour in the 
farms brought about different effects according 
to each farmer's family labour endowment . It 
was observed that there is a definite correlation 
between the available labour and the size of the 
dairy enterprise. Also, this indicates that 
four labour units could be the optimum labour 
requirement for a 5 acre farm under NTs. Beyond 
this size, the increase in surplus generated was 
not significant, and the labour hired was also
at a minimum. Furthermore, the low M.V.P. of 
family labour implied that labour is not a 
constraining factor in farmers' decisions.
c. The current cultivation scheme is adequate but 
extending the repayment period for credit brought 
about significant changes in the surplus generated. 
Extending the period of the first instalment of 
the first loan by one month lowered the M.V.P.
of cash greatly. This is mainly due to the 
staggered planting practice under rainfed farming, 
which delays production.
d. Chemical weeding was indicated to be an undesirable 
technique under peasant farming conditions .
The farms with a low labour/land
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ratio adopts NT to a greater extent than the 
other. The castor crop is mainly advocated for 
farms with a low level of management while it is 
a sub-optimal technology for the other farms.
Sixth, the present study provides important insights into the 
manner in which the choice of technologies interacts with the resource 
base and other unique features of the farms in evaluating technologies.
Seventh, risk and uncertainty effects were investigated by 
parametric programming of yield and the date of planting. The latter 
is undertaken by simulating various rainfall patterns which could influence 
the farmers' cropping strategies. The following generalisation could be 
drawn from the above analysis.
a. The variation of yield within 25% of the major crops 
could affect the incomes quite substantially.
b. Green gram and chillie crops under mechanical 
weeding could be considered as 'buffer' crops 
when the yield of major crops are affected.
c. Crops like gingelly, highland paddy and maize are 
low income crops.
d. The importance of timely cultivation is emphasized 
by the substantial decrease in surplus caused by
a delay in planting of one week. Furthermore, 
planting of crops delayed by 2 weeks could be 
drastic leading even to starvation.
Eighth, the extent and intensity of adopting the NTs were well 
denoted by the resource base of the farms particularly the amount of labour,
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cash and the farm size. These factors along with the personal 
characteristics of the farmers appeared relevant in affecting their 
productivity. The findings reflected typical farmers' attitudes^ towards 
innovations, such that they make decisions according to their economic 
capacity. An important implication of this is that farmers base their 
decision making on their particular resource situation as well as on 
their managerial abilities. For a poorer farm with less labour endowment, 
the results suggest that NTs are more effective and are adopted to a greater 
extent. However, in such farms improvement of managerial capabilities 
could bring about a higher income. This could be assumed to be correlated 
with education levels, and could be of particular importance if the use of 
the technology requires reading and technical skills.
Finally, the modelling process can have an important application 
at field level. A research worker who is experienced could successfully 
incorporate important features at farm level in identifying suitable 
technologies to the farmers'practical situation.The importance of good 
bac’c data needs to be emphasized in eliciting the real judgement of the 
farmers' decision making environment.
This study still suffers from certain deficiencies such as the 
following which should be considered in future s'tudies.
a. While the major resources of land, labour and capital 
available to the farm are all valued according to 
their actual availability and to the demand which 
exists for them at a particular time, valuation 
and depreciation of other farm resources such as 
equipment which are important inputs in production
were ignored.
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b. For the model a constant average wage rate over 
the crop year is assumed. Invariably, seasonal 
and other fluctuations are likely to occur over 
time owing to cash cost variation and changes in 
demand which would affect the choice of technology, 
and the MVP of labour. Also, availability of 
off-farm work in the area needs to be evaluated.
c. Only one livestock enterprise is considered in 
this study. Poultry is another common enterprise 
in the area that could be included in this type of 
study. The interrelationship between crop and 
livestock enterprises in mixed farming is very 
important as well as the use of a dynamic model, 
especially one including perennial crops.
d. The deterministic nature of the Linear Programming 
(LP) model itself accounts for the limitation in 
the study. Other types of mathematical 
programming techniques as well as modification of 
the basic LP model used in this study could be one 
way of depicting a more realistic farming situation.
e. The large size of the matrix in the programming 
technique involved a sizable amount of computer 
work within the limited time specified. The use 
of more samples was not feasible. Otherwise, 
further generalisation could have been deduced.
APPENDIX 1
AREA OF LAND IN SRI LANKA
Acres
Wet Zone 3767,070
Intermediate Zone 2152,690
Dry Zone 10308,470
Sri Lanka 15997,904
APPENDIX 2
AREA UNDER MAJOR CROPS
Tea
Rubber
Coconut
Acres
591,118
674,274
1070,942
Paddy 1535,932
APPENDIX 3
DISTRIBUTION OF LAND USE BY ZONES
Wet Zone 
in %
Int. Zone 
in %
Dry Zone 
in %
Sri Lanka 
in %
Paddy 10.2 11.6 6.1 7.8
Tea 14.9 3.4 - 3.9
Rubber 14.2 1.3 - 3.5
Coconut 6.1 1.3 1 3.8
Horticulture 22.3 15 . 2.6 9.0
Total 67.7 44.3 9.7 28.0
Forest 16.5 7.6 60.2 44.2
Grassland and
Scrubland 4.7 7.0 5.6 6.4
Shifting Cultivation 6.5 29.0 15.4 15.1
Total 27.7 43.6 81.2 65.7
Settlement and 
Associated Non-
Agricultural Land 0.8 0.1 0.1 0.3
Swamp and Marsh 0.7 0.2 0.5 0.5
Unused Land 0.2 0.3 0.9 0.7
Water 1.0 1.6 4.1 3.2
Total 1.9 2.1 5.5 4.4
Grand Total 98.1 90.1 96.5 98.4
127
APPENDIX 4 
DATA RECORDS 
(A)
LABOUR RECORDS -(CROP/DAIRY)
Date Operation Farm Labour Hired Labour Amound Paid Total
Cash or Kind Value Rs
~~M W C M W C M W ~
(B)
INPUT RECORDS -(CROP/DAIRY)
Data Kind of Input No. of Price/ Total 
Units Unit Value Rs
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APPENDIX 4 (Cont'd)
(C)
DAIRY PRODUCTION RECORD
Date Milk (Pts) Amount Price/Unit Amount Total
Yield Sold (Pts) Rs Consumed Value Rs
(D)
CROP PRODUCTION RECORDS
Date Yield Amount Price/Unit
Sold
Amount Total
Consumed Value Rs
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APPENDIX 4 (Cont'd)
(E)
HOUSEHOLD EXPENDITURE
Date:- From:
To :
Item Purchased Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Starch
Protein
Vegetables
Beverages
Entertainment
Gifts
Household Items 
Any Other
Week
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
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APPENDIX 5
CODE OF CROPPING WEEKS
Actual Dates Week Actual Dates
April 2 - 8 40 Oct 1 - 7
April 9 - 15 41 Oct 8 - 14
April 16 - 22 42 Oct 15 - 21
April 23 - 29 43 Oct 22 - 28
April 30 - May 6 44 Oct 29 - Nov 4
May 7 - 13 45 Nov 5 - 11
May 14 - 20 46 Nov 12 - 18
May 21 - 27 47 Nov 19 - 25
May 29 - June 3 48 Nov 26 - Dec 2
June 4 - 10 49 Dec 3 - 9
June 11 - 17 50 Dec 10 - 16
June 18 - 25 51 Dec 17 - 23
June 25 - July 1 52 Dec 24 - 31
July 2 - 8 01 Jan 1 - 7
July 9 - 15 02 Jan 8 - 14
July 16 - 22 03 Jan 15 - 21
July 23 - 29 04 Jan 22 - 28
July 30 - Aug 5 05 Jan 29 - Feb 4
Aug 6 - 12 06 Feb 5 - 11
Aug 13 - 19 07 Feb 12 - 18
Aug 20 - 26 08 Feb 19 - 25
Aug 27 - Set 2 09 Feb 26 - Mar 4
Sept 3 - 9 10 Mar 5 - 11
Sept 10 - 16 11 Mar 12 - 18
Sept 17 - 23 12 Mar 19 - 25
Sept 24 - 30 13 Mar 26 - Apr 1
APPENDIX 6
Conversion Table
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1 acre = 0.405 Hectares
1 inch = 25.4 Millimetre
1 ounce = 28.35 Grams
1 pound = 0.4536 Kilogram
1 gallon = 3.785 Litres
1 $us = Rs 18.727
APPBNDIX 7
Prices Assumed for Marketable Output and Purchased Inputs
(For Both Case Study Farms)
OUTPUTS RUPEES/TON
Cow Pea 5600.00
Green Grain 6720.00
Black Grain 8960.00
Gingelly 2240.00
Soyabean 6720.00
Chillie 22400.00
Tobacco 8960.00
Maize 1120.00
Castor 3360.00
INPUTS
Hired labour, per hour 1.00
Urea per lb 0.80
Sumithion, 8 oz bottle 35.00
Monocotaphor, per oz 4.38
Azodrin, 8 oz bottle 43.00
B.H.C. 1 lb 2.50
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APPENDIX 10
PEOPLES' BANK - CULTIVATION LOAN 
(RAINFED CROPS)
Operation
Rupees/Acre/Season
Cowpea GreenGram Maize
Black
Gram Paddy Chillies
Land Preparation 125.00 125.00 125.00 125.00 130.00 150.00
Seed 90.00 100.00 40.00 135.00 90.00 40.00
Planting - - - - - 75.00
Fertilizing 145.00 145.00 225.00 145.00 140.00 185.00
Weed Control 50.00 50.00 50.00 50.00 100.00 160.00
Insecticide/
Pesticide 60.00 60.00 60.00 60.00 125.00 240.00
Harvesting 40.00 40.00 50.00 40.00 75.00 50.00
Total 510.00 520.00 550.00 555.00 660.00 900.00
Source: Peoples' Bank of Sri Lanka - Annual Report.
APPENDIX 9
MODAL DISTRIBUTION OF HOLDING SIZE/FAMILY (UPLAND) 
VILLAGE - MAHAKANUMULLA
Holding Size Percentage
(Acre) of Farms
0 - 1 32.50
1.1 - 3 32.50
3.1 - 5 20.00
5.1 - 7 15.00
Source: Survey Sheets, Sri Lanka - Candi Dry Zone
Project. Department of Agriculture.
APPENDIX 11
MODAL DISTRIBUTION OF AVAILABLE LABOUR UNITS/FAMILY 
VILLAGE - MAHAKANUMULLA
Labour Units Percentage 
of Families
0 - 1
1.1 - 3
3.1 - 5
5.1 - 7
8.6
41.3
31.0
19.1
Source: Survey Sheets, Sri Lanka - Canda 27 Zone
Project.
APPENDIX 12
INCOME DISTRIBUTION - VILLAGE MAHAKANUMULLA
Distribution of Gross Percentage of
Farm Income in Rupees Farmers in Each
Group
< 1000 17.9
1001 - 2000 20.5
2001 - 3000 36.0
3001 - 4000 5.1
4001 - 5000 12.8
5001 - 6000 2.6
> 6000 5.1
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APPENDIX 13
ABSOLUTE VALUES OF CREDIT USE WITH INCREASE IN
FARM SIZE
(MINIMUM AND MAXIMUM LOANS)
Acreage
(Acre)
Total 
Loan 
Min. 
and 
Max.
Kadigawa's Farm Model Sirimalnaide's Farm Model
CL1 CL2 CL3
(Rupees)
CL4 CLl CL2 CL3
(Rupees)
CL4
4 2000 628 40 300 246 496 171 -
3600 674 540 540 246 496 171 -
6 3000 1300 500 500 302 1198 - -
5400 1642 1080 1080 302 1198 - -
Maha Season 4 Acre 6 Acre
CLl = Cultivation Loan 1 = Rs 1200 2160
CL2 = Cultivation Loan 2 Rs 400 720
CL3 = Cultivation Loan 3 = Rs 400 720
Yala Season
CL4 = Cultivation Loan 4 Rs 1200 2160
CL5 = Cultivation Loan 5 = Rs 400 720
CL6 = Cultivation Loan 6 Rs 400 720
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APPENDIX 14
Peoples' Bank Cultivation Loan:
The cultivation loan detailed in Appendix 4.2 is made available 
to the farmers in three or four instalments and repayment must be within 
180 days from the date of borrowing. It could be repaid in instalments 
within this period.
First instalment: This is given for the following operations:
a. Land preparation.
b. Purchase of seed materials.
c. Planting (chillie).
This is available in the month before the actual planting time which is the 
month of September.
Second instalment: Given for the purchase of fertilizer. This
could be obtained along with the 1st or the 3rd instalment or as the 2nd 
payment.
Third instalment: This is given for the purchase of insecticide/
pesticide and for weed control.
Fourth instalment: This is the final payment paid for undertaking
harvesting operations.
After obtaining the first instalment it is necessary to produce a 
certificate from the Agricultural Instructor of the area as to the crops and 
the acreages cultivated in order to be eligible for the rest of the loan.
In the two budgeting models of the case study farms three cultivation 
loans representing the three instalments are included as follows.
MONTH OF PAYMENT MONTH OF REPAYMENT
•136
l.Maha Season
SEPTEMBER FEBRUARY
NOVEMBER APRIL
JANUARY
2.Yala Season
JULY
MARCH AUGUST
MAY OCTOBER
JULY DECEMBER
With the wide spread of the rural banking system in rural villages of this
area, where priority for intensive cultivation is the main objective, the 
farmers are at present quite accessible to bank loans. It is justifiable 
to assume bank loans as the main source of cash supply to the farms in this
area.
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APPENDIX 15
THE MODAL DISTRIBUTION OF CROP RESPONSES 
AMONG THE EIGHTEEN FAMILIES
Activity
Yield/Acre (Tons)
<0.045 0.046 - 0.090 - 0.134 - 0.179 - 0.224 - >0.269 
0.089 0.133 0.178 0.223 0.268
Yala Season
Cowpea - 3
Green Gram - 2
Gingelly - -
Black Gram - -
Maha Season
Tobacco - -
Paddy - 1
Chillies 4 (8)
Green Gram 2 2
Cowpea 2 3
Soya Bean - -
Black Gram - -
(6) - 5 3 1
3 (9) - 2 2
(7) 5 4 - 2
1 2 2 (3) -
1 1 (5) 2 3
1
o
1 2 (6) 5
z
6 5 3 - -
5 1 (6) 1 -
1 3 2 4 -
3 (5) 1 - -
— _ 1 3 _Castor
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